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FROM THE EDITOR 


The Moon, old and new 


Apollo 17 heads for 
the Moon, making 
the last lunar journey 
to date. nasa 


Follow the 


Dave's Universe blog: 
www.Astronomy. 
com/davesuniverse 
Follow Dave Eicher 
on Twitter: 
@deicherstar 


As I write this, the first test flight of 
Artemis has again been postponed 
— but the adventure is still on the 
horizon. We're on the cusp of an entirely new 
generation of space exploration, of heading 
back to the Moon to discover the many secrets 
it holds about the solar system’s past. With 
great excitement, many of us are looking for- 
ward to seeing humans walking on the lunar 
surface again by 2025. 

This issue, we look back on the last Apollo 
mission, 17, which took place 50 years ago. 
Senior Editor Mark Zastrow has concocted a 
mesmerizing story using the words of crew 
members Gene Cernan, Jack Schmitt, and Ron 
Evans. It captures the sense of amazing adven- 
ture and technological push that many of us 
grew up with in the 1960s and ’70s. 

Iam also about to depart for the sixth Starmus Festival. The inter- 
national celebration of science — which is sponsored by many includ- 
ing Astronomy magazine, and for which I have the honor to serve as 
president of the board — is being held this time in Armenia. I'll have 
the privilege of hosting the festival’s final day, and will be able to 
introduce an old friend who has walked on the Moon, Charlie Duke. 

Talking to folks who have walked on the Moon is an amazing 
experience, and you feel a bit like you're in a cloud hearing their 
recollections. Charlie, Buzz Aldrin, Jim Lovell, and Jack Schmitt are 
among our last living links to lunar exploration. 

And now we stand on the bridge between the old and the new. 
What will we find from the next generation of lunar explorers, who 
will visit places on the Moon unlike those already explored? We 
know that the new astronauts will target regions aimed at perhaps 
answering questions about the Moon’s formation and evolution. 
They will no doubt uncover new scientific mysteries that will need 
to be investigated. 

How privileged we are to be on the precipice of a big new age of 
exploration. And how fortunate we've been to know the first explor- 
ers, who raised the curtain on discovering the cosmos. 


Yours truly, 


Cia 


David J. Eicher 
Editor 


FOLLOW ASTRONOMY 


facebook.com/AstronomyMagazine 
twitter.com/AstronomyMag 
youtube.com/user/AstronomyMagazine 
instagram.com/astronomy.magazine 
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We welcome 

your comments 
at Astronomy Letters, 
P.O. Box 1612, 
Waukesha, WI 53187; 
or email to letters@ 
astronomy.com. 
Please include your 
name, city, state, and 
country. Letters may 
be edited for space 
and clarity. 


ASTRO LETTERS 


Another angle 

My September issue arrived this 
afternoon, with Stephen O’Meara’s 
column (“A deep-sky devil”) on 
visually hunting for a relatively 
obscure but classic grand-design 
galaxy. I thought [other readers] would 
enjoy my image of NGC 6118 [at left], 
as seen in a 12-hour exposure with a 
remote 12.5-inch telescope, from the 
desert floor under the black skies of the 
Atacama. —Ted Wolfe, Naples, FL 


Habitability probability 

In “The Strange Case of the Eyeball Planets” (August 
2022), much is mentioned about the possibility of 
conditions for life. You don’t, however, mention the 
higher probability of extremely strong solar flares and 
X-rays that would strike these much closer planets, 
which in turn would likely wipe out any life form we 
can think of. Seems sort of odd to have a habitable 
zone that can’t support a habitat. -Larry Campbell, 
Grand Rapids, MI 


It is all about exploration. 


Errata 

Our September article 
“Mine the sky’s wide-angle 
wonders” incorrectly stated 
that the Hamburger Galaxy 
(NGC 3628) is near the 
Double Cluster (NGC 869 
and NGC 884). Instead, 
observers looking for a 


NGC 957 (upper left) 
makes for a good nearby 
target when viewing the 
Double Cluster (NGC 869 
and NGC 884). aan pyer 


nearby treat should seek 
out NGC 957, which lies 2° 
east of the Double Cluster. 


In the Meteor Watch box of the August Sky This 
Month, we incorrectly listed the Moon’s phase 

during the Perseids’ peak on Aug. 12 as a waxing 
crescent. The actual phase was a waning gibbous. 


Editors’ note 

The CATSEYE BLACKCAT XLV-WiFi Cheshire featured 
in our October Star Products is no longer compatible 
with Apple iPhones. The product still works with 
Android devices running OS versions 11 or older. 
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ORION'S 
COSMIC 
CLOUD- 
SCAPE 


Star stuff 
watts, billows, 


and surges 
across M42. 


This colorful tapestry of 
swirling gas and dust is just 
a small patch of the Orion 
Nebula (M42), as captured by 
the Hubble Space Telescope’s 
Advanced Camera for 
Surveys. The scene measures 
about 3' across, or one-tenth 
the diameter of the Full 
Moon. Just above and left 

of center lies the young star 
IX Orionis and its associated 
Herbig-Haro object, HH 505. 
A Herbig-Haro object is 
formed when thin jets of 
material shoot from the poles 
of a nascent star, reaching 
speeds upward of several 
hundred miles per second. 
Where outflows from these 
energetic stars plow through 
the surrounding nebula 
material, shock waves form 
like the waves off a ship’s 
bow. The intense radiation 
from young, energetic stars 
also illuminates the broader 
flows coursing through the 
nebula, helping astronomers 
trace their structure. 

— MARK ZASTROW 
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Perseverance took this 
selfie after collecting 
its first martian rock 
samples. They came 
from the Rochette 
rock (seen beside 
the rover). NASA and 
the European Space 
Agency plan to return 
the samples to Earth 
in the mid-2030s. 


For the first time, 
astronomers recorded 
a gamma-ray burst in 
millimeter-wavelength 
light. The burst — 
caused by the collision 
of a neutron star and 
a hydrogen-burning 
sun — left one of the 
brightest afterglows 
ever recorded. 


Famed amateur 
astronomer Donald 
Machholz died 

Aug. 9 at his home, 
Stargazer Ranch in 
Arizona. Machholz's 
contributions to 
astronomy include 
co-inventing the 
Messier marathon and 
discovering 12 comets. 
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JWST SPIES A GALAXY IN TRANSITION 


NASA’s infrared imager continues to impress. 


NASA, ESA, CSA, STSCI 


The James Webb Space Telescope 
(JWST) recently turned its infrared 
eye on the aftermath of a galactic 
collision: the Cartwheel Galaxy. 
Following a smash-up several 
hundred million years ago, the 
Cartwheel has transformed from a 
spiral into a ring-type galaxy with a 
bright core and two concentric rings 
linked by wispy spokes. JWST’s stun- 
ning composite combines images 
from the Mid-Infrared Instrument 
(MIRI) and Near-Infrared Camera 
(NIRCam), revealing new clues 

to how the Cartwheel is evolving. 
NIRCam is perfect for spotting 

star formation, colored blue, which 
is largely occurring in the clumpy 
outer ring. MIRI data, colored red, 
reveal the Cartwheel’s spokes, which 
are composed of hydrocarbon and 
silicate dust that could someday form 
the building blocks of new planetary 
systems. The spokes are also slightly 
curved, indicating the galaxy’s spiral 


structure may re-emerge with time. 
— ALISON KLESMAN 


First image of a photon ring 


») In 2019, the Event Horizon Telescope (EHT) 
released its first image of a black hole: 
M87*. The famous shot shows the shadow of 
the monstrous black hole silhouetted against 
a whirlpool of hot gas swirling around it. Now, 
researchers have used additional image processing 
to remove the broader glow of the accretion disk 
(depicted here by blue contours) and reveal a 
narrow, bright ring of light, called the photon ring. 
It's formed by photons that swing particularly 
close to the event horizon behind the black hole; 
their paths are bent, or gravitationally lensed, 
back toward Earth. It is the first time the photon 
ring, a feature predicted by general relativity, has 
been seen. Scientists have used the ring to more 
accurately weigh M87*: 7.1 billion solar masses, 
slightly heavier than previously thought. —Ax«. 


BRODERICK ET AL. 2022, APJ, 935, 61 


PULSING SIGNAL. CHIME detected a distant fast radio burst with periodic elements embedded in 


the signal itself. pHoto courtesy oF CHIME, WITH BACKGROUND EDITED BY MIT NEWS 


Researchers spy a periodic 


fast radio burst 


Fast radio bursts (FRBs) are some of 

the most enigmatic radio signals in 

the universe. They are incredibly short, 
lasting just a fraction of a second, and 
are astonishingly bright, emitting more 
energy than the Sun produces in a day. 
FRBs also show extreme diversity in 
their signals: Some repeat with regular- 
ity, while others are only ever seen once. 

The origins of these mysterious signals 
remain disputed. While some FRBs come 
from a highly magnetic breed of stellar 
remnants known as magnetars, scien- 
tists aren't sure if they account for every 
one. And although many thousands of 
FRBs have been recorded, the field is still 
young enough that a single event can 
turn our understanding on its head. 

FRB 20191221A, which was spotted 
in late 2019 by the Canadian Hydrogen 
Intensity Mapping Experiment (CHIME), 
a radio telescope in British Columbia, 
Canada, is one such example. The 
discovery was reported July 13 in Nature. 

First, it was the longest-duration FRB 
signal ever recorded, lasting roughly 
three seconds — about a thousand 
times longer than the average FRB. 

If that wasn't unusual enough, astrono- 
mers discovered structure within the FRB 
pulse itself. Specifically, hidden within the 
signal were at least nine distinct peaks, 
"like a heartbeat,” said co-author and 
MIT postdoc Daniele Michilli in a press 
release. And these sub-components had 
startling regularity. “These peaks came at 
a precise period of about 0.2 seconds,” 
Michilli tells Astronomy. Astronomers 


have found several FRBs with embedded 
structure in the past, but FRB 20191221A 
is the first time the components them- 
selves have been periodic. 

Thus, whatever created the FRB must 
also be periodic. And while the analysis 
shows FRB 20191221A might originate 
from the usual suspect, the intensity of 
this FRB is more than a million times 
brighter than any seen before from 
a magnetar in our own Milky Way. 

“We think this new signal could be a 
magnetar or pulsar on steroids,” Michilli 
explained in a press release. 

The precise origin of the FRB remains 
unknown and, unfortunately, it seems 
so far like FRB 20191221A might be an 
isolated event. While astronomers can 
confirm the signal came from a galaxy 
billions of light-years away, the CHIME 
telescope field of view is such that it can 
only constrain the origin of an FRB to a 
patch of sky equivalent to the size of the 
Full Moon. This effectively means that 
researchers can't precisely pin down the 


specific galaxy responsible for the signal. 


Thankfully, this might not be the case 
for long. Currently, the CHIME collabora- 
tion is constructing three additional 
mission-supporting telescopes in British 
Columbia, California, and West Virginia. 
Within a year or two, the combined 
telescopes will allow the collaboration 
to pinpoint the location of every FRB 
signal to an area of sky the size of a 
quarter held at roughly 25 miles away. 
So, if FRB 20191221A bursts again, they'll 
be ready. —YVETTE CENDES 


DUAL DINO-KILLER 
Researchers have found a 5.3-mile- 
wide (8.5 km), 66-million-year-old 
crater off the coast of West Africa. 
Because Nadir Crater dates back to 

about the same time as the dinosaur- 
ending Chicxulub impact, the two may 
have been caused by fragments of a 
shared parent asteroid. 


KEEPS GOING AND GOING... 
NASA's Curiosity rover celebrated 
its 10th Earth year on the Red 
Planet Aug. 6. Despite a decade of 
Mars exploration, the car-sized 
precursor to Perseverance remains 
a scientific powerhouse. 


SHOOT FOR THE STARS 
In July, China began construction 
on the country’s first commercial 
spaceport. Located within Wenchang 
International Aerospace City on the 
southern island of Hainan, the new 
spaceport is planned to start regular 
commercial launches by early 2024. 


TRACING A MARTIAN RELIC 
Using an advanced algorithm, 
researchers located the likely site 
where a martian meteorite containing 
4.5-billion-year-old igneous rock was 
ejected from the Red Planet some 
1.5 billion years ago: the 25-mile-wide 
(40 km) Khujirt Crater in Mars’ 
southern hemisphere. 


ASTEROID DUST BUNNIES 
Dust grains on asteroids may hop 
around the surface or even jump off 
entirely due to forces akin to static 
electricity, computer simulations 
suggest. This could help explain why, 
in 2020, OSIRIS-REx found asteroid 
Bennu’s surface was rough and 
boulder-strewn, not smooth and 
dusty as predicted. 


WHERE NO WOMAN 
HAS GONE BEFORE 
Nichelle Nichols, best known for her 
role as Lieutenant Uhura in Star Trek, 
died July 30 at the age of 89. She also 
served as a NASA ambassador in the 
late 1970s, helping recruit the agency's 
first women and people of color as 
astronauts in the Space Shuttle 
Program. —JAKE PARKS 
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Glowing gas found 
around a baby planet 


PLANETARY NURSERY. The gaps in the circumstellar disk around AS 209 show where 
growing planets are sweeping up material. Astronomers found emission coming from 
one of these gaps — evidence of a forming planet. atma (eso/naos/NRAO), A. SIERRA (U. CHILE) 


IN 2014, the Atacama Large 
Millimeter/submillimeter Array 
(ALMA) in Chile captured the first 
detailed image of the process of 
planet formation. It revealed a disk 
of material around the young star 
HL Tauri that was punctuated by 
an intricate series of gaps where 
baby planets are growing and gob- 
bling up material. 

Eight years on, with catalogs full 
of such objects, astronomers are 
trying to do one better: find the 
smaller and even fainter disks of 
material swirling around forming 
planets themselves. Until recently, 
only two such circumplanetary 
disks (CPDs) had been spotted and 
confirmed, given away by their hot, 
glowing dust. 

Now, astronomers using ALMA 
have found what may be a third 
CPD — and for the first time, they 
think they have detected not its dust, 
but the much fainter emission from 
its gas instead. While warm dust 
glows across the electromagnetic 
spectrum, excited gas emits light 
only at specific wavelengths. The 
team identified light from carbon 
monoxide gas within an otherwise 


empty gap in the disk around the 
star AS 209, roughly 395 light-years 
away in the constellation Ophiuchus. 
The work was published July 27 in 
The Astrophysical Journal Letters. 

The disk’s sheer size and dis- 
tance from its host star made the 
gas around this incubating planet 
visible, Jaehan Bae, an astronomer 
at the University of Florida and the 
study’s lead author, tells Astronomy. 
Previously detected CPDs were 
only about 1 astronomical unit (AU) 
in diameter, or the average Earth- 
Sun distance. The CPD detected in 
AS 209 is perhaps as large as 14 AU 
across and orbits 200 AU from its 
host star — over five times the aver- 
age distance of Pluto from the Sun. 

Such direct detections of gas are 
important and exciting, says Bae, 
because the vast majority of the 
material that forms stars and planets 
is gas — the gas-to-dust ratio is on 
the order of 100 to 1. “This means 
that the overall dynamics of CPDs 
must be determined by the gas, not 
dust,” says Bae. "We need to study 
the gas to fully understand CPDs,” 
including how they are able to form 
moons, —M.Z. 


COSMIC 
WHIRLWIND 


The strange, asymmetrical shape of 
NGC 7727 is the result of two galaxies 
colliding. In this image, captured by 
the European Southern Observatory’s 
Very Large Telescope, long streams 

of stars, gas, and dust stripped during 
the merger appear like a pair of arms 
embracing the new galaxy. Another 
outcome of the crash is the two super- 
massive black holes (inset) locked in 

a deadly spiral in its center, currently 
separated by a mere 1,600 light-years. 
In some 250 million years, the black 
holes will collide and merge, birth- 
ing a more massive black hole that 
will take center 
stage amidst the 
swirling chaos 


of NGC 7727. 
— CAITLYN BUONGIORNO 
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STRANGE UNIVERSE 


Instability! 


If science has taught us anything, it’s that nothing Is forever. 


The Perseid meteors 
may be an annual 
favorite, but their 
parent body, Comet 
Swift-Tuttle, is 
perhaps the most 
dangerous celestial 
object when it comes 
to a potential collision 
with Earth. mike ewinsk! 


BY BOB BERMAN 
Bob’s recent book, 
Earth-Shattering 
(Little, Brown and 
Company, 2019), 
explores the greatest 
cataclysms that have 
shaken the universe. 


With everything that’s happening, we might 
count on the sky to give us a sense of stability. 
But maybe we're asking too much. 

The Moon, which Shakespeare presciently called 
“inconstant,” moves 1% inches (3.8 centimeters) farther 
from Earth each year. Not worth losing sleep over. But 
on Mars, the billionaire astronauts may be less sanguine. 
The largest martian satellite, Phobos, orbits more closely 
to its planet’s surface than any other moon in the solar 
system, just 3,700 miles (6,000 kilometers) 
away. It’s also moving closer at some 6 feet 
(1.8 meters) per century. This produces ever- 


something interesting happened a thousand years ago: 
The comet got snagged by Jupiter’s repeated gravita- 
tional tugs and adopted an 11:1 resonance, circling the 
Sun once for 11 jovian orbits. 

Will this at least give it enough stability that we can 
accurately predict its future orbit? No! It’s likely to stay 
in the same predictable pattern for a few thousand 
years, sure, but after long enough, all bets are off. 

We'd at least like stability closer to home, like in our 
bodies’ atoms. But it’s a mixed bag even here. You may 
recall atoms have protons and neutrons in their nuclei. 
Elements have varieties — called isotopes — character- 
ized by their differing number of neutrons. We breathe 
oxygen that mostly has eight protons and eight neu- 
trons. But a tiny fraction boasts an extra one or two 
neutrons. No matter: All oxygen isotopes last forever. 

Stability at last? Not so fast. “Forever” isn’t true of 
their components. A neutron is stable when inside an 
atom. But when free — like in the continuous streams 
released by nuclear reactors — the average neutron 
vanishes in 14 minutes and 40 seconds. Protons do 
better, with a half-life of around (some say at least) 
10 billion trillion trillion years. 

What about the rest of the universe’s atoms? Here’s 
where numbers and patterns enter the picture. Of the 
hundreds of isotopes in the natural world, all elements 
with atomic numbers 1 through 82 have at least one 
stable isotope. And all elements housing more than 82 
protons have no stable varieties. 

We might assume nature has no preference for odd 
or even numbers. But that’s not true. The vast majority 
of the most abundant elements — those atomic num- 
bers 1 through 82 — are stable if they have an even 
number of protons and of neutrons, and 
unstable if they have an odd number. 
Moreover, even-atomic-number elements are 


] 
increasing tidal stresses on Phobos that are We'd at not radioactive and last forever. 
creating worrisome stretch marks. Eventually, least like Sometimes we get surprised. You can go 
it will be torn to pieces so that its name — stability on Amazon and buy a pound block of pure 
“fear” in ancient Greek — may be frighten- | bismuth for a few dollars. It’s a beautiful ele- 
closer to te a 
ingly appropriate. home ment, suitable for displaying in your living 


But far more frightening is Comet 
109P/Swift-Tuttle. Much beloved because the 
fragments it sheds are summer’s Perseid 
meteors, it was discovered by astronomers Lewis Swift 
and Horace Tuttle within just three days of each other 
in July 1862. The giant, fast-moving comet can come as 
close to Earth’s orbit as 0.0009 astronomical unit, 
making it the most dangerous celestial object to 
humankind. (One astronomical unit is the average 
Earth-Sun distance.) But calculating where it will be in 
the far future is not easy. Its orbital period is 
133.28 years, and if you're a math savant you probably 
realize that number is suspiciously close to 11 times 
Jupiter’s orbital period of 11.86 Earth years. So yes, 


room. What’s currently fashionable is to melt 
it down in a saucepan and let it re-solidify, 
skimming off a surface layer, which 
spontaneously forms astonishing shapes like jagged 
skyscrapers. Anyway, until recently, everyone thought 
bismuth was eternally stable. But measurements in 2003 
surprised French researchers, who found it has a half- 
life of 1.9 x 10" years. So, while Amazon doesn't say so, 
half of your precious bismuth will vanish in 19 million 
trillion years. 
Ah, stability, where art thou? 


(i BROWSE THE “STRANGE UNIVERSE” ARCHIVE 
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Type Ia supernovae serve as vital distance 
indicators that show how our cosmos 
is expanding. But these events are still 


shrouded in mystery. 


SUPERNOVAE ARE THE 
most spectacular fireworks in the 
universe. Just one such explosion can 
briefly outshine the rest of the stars 
in a galaxy combined. Astronomers 
have become adept at spotting these 
events across the cosmos, with par- 
ticular attention to a specific class 
called type Ia supernovae. 

Much of modern cosmology rests 
on these events. That’s because 
thanks to their intrinsic physics, 
these stellar blasts should always 
have the same intrinsic brightness. 
This property makes them excellent 
distance indicators, which allows 
astronomers to obtain their distance 
simply by observing how dim their 
light appears upon reaching Earth. 
Ultimately, the information gleaned 
by mapping type Ia supernovae 
across the cosmos has allowed 
astronomers to measure the expan- 
sion of the universe itself. 

And yet, perhaps the most 
incredible thing about these par- 
ticular supernovae is that despite 
their reliability as distance markers, 
we don't know all the details of what 
exactly triggers their progenitors to 
explode in the first place. This gap 
in our understanding could affect 
the accuracy of our estimates of the 
universe’s expansion — and it leaves 
astronomers thirsting for answers. 

“Tt’s just wild to me that we don't 
know what causes a type Ia explosion 
when they're so important to sci- 
ence, says Tyler Holland-Ashford, 


an astronomer at the Harvard- 
Smithsonian Center for Astrophysics. 
“Tt’s still a mystery, and one I would 
like to know the answer to.” 

He’s not alone. Numerous 
researchers are striving to find that 
answer, using clues from the super- 
novae themselves and the remnants 
they leave scattered across the galaxy. 


Classes of blasts 


Supernovae are separated into two 
broad categories: type I and type II. 
Type I supernovae have little to no 
hydrogen in their spectra, meaning 
none of this element is present in 
their progenitor. Type II superno- 
vae, which are created by massive 
stars exploding at the end of their 
lives, do contain hydrogen because 
these suns still have ample reserves 
of unfused hydrogen near their 
surface. This second class of blasts 
occurs when a massive star collapses 
into itself — leaving behind a neu- 
tron star or black hole. 

A type Ia (pronounced “one-A”) 
supernova is generated through an 
entirely different process. It starts 
with a stellar remnant called a white 
dwarf. When a star that is not large 
enough to undergo a type II super- 
nova can no longer keep fusion 
going at its core, it will shed its outer 
layers and leave behind a white 
dwarf. (This is the fate that awaits 
our Sun one day.) A white dwarf is 
not massive enough for additional 


G299,2-2.9 is the result of a white dwarf tearing itself apart roughly 4,500 
years ago. Today, astronomers have imaged the structure at different wavelengths to better 
understand the event that caused it. This composite, made with data from the Chandra X-ray 
Observatory, colors low-, medium-, and high-energy X-rays as red, green, and blue, respectively. 
Iron atoms are responsible for at least some of the emission at medium energies, while silicon 
and sulfur emit some of the highest-energy light. nasa/cxcvu. texas 
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THE ACCELERATING UNIVERSE Type la supernovae have revealed 
much about the nature of our universe — including the fact that not only is it 
expanding, but it is doing so faster now than in the past. Astronomers have 
determined this by measuring the brightness of distant supernovae and plotting 
them against their redshift, a proxy for distance. The blue line shows the best fit 
to the current observations, which match the predicted model for a universe 
whose expansion is accelerating, rather than decelerating — i.e., a universe 
where dark energy contributes. The white line indicates how the brightness of 
supernovae would look with distance in a universe with no dark energy. It does 
not fit the observations, as it predicts that distant supernovae should appear 
brighter than they actually do. asrrowomy: ROEN KELLY, AFTER CARROLL, BRADLEY W. AND OSTLIE, DALE A,, 
AN INTRODUCTION TO MODERN ASTROPHYSICS, 2ND ED., PEARSON EDUCATION, INC,, 2007. 


fusion; instead, it glows due to 
residual heat, which it very slowly 
loses as it cools. 

However, there is an exception 
to this no-more-fusion rule: when 
a type Ia supernova happens. 
Stellar fusion occurs because a 
star is massive enough to squeeze 
the elements within it into new 
ones. Stars like our Sun convert 
hydrogen into helium, releasing 
energy in the form of light, and 
die once this fuel is exhausted. 
The more massive a star, the 
heavier the elements it can fuse. 

White dwarfs aren't stars any- 
more — they are simply the dead, 
leftover cores. Without the heat 
of fusion to hold it up, the white 
dwarf shrinks under its own 
gravity until it becomes not a ball 


made of atoms, but something 
called degenerate matter instead. 
Degenerate matter consists of 
atomic nuclei swimming in a sea 
of electrons. Now the force hold- 
ing the white dwarf up against 
gravity is electron degeneracy 
pressure, which arises from the 
fact that the electrons cannot get 
any closer to each other without 
breaking the laws of physics dic- 
tating how many can occupy the 
same space at once. 

Unless the white dwarf 
exceeds 1.44 times the mass of 
the Sun (an amount called the 
Chandrashekar mass), that is. As 
the white dwarf gains more mass, 
its temperature increases. And 
once it hits this critical mass, it 
will reach an ignition tempera- 
ture to fuse heavier elements — 
notably carbon, which the star 


was not massive enough to fuse 
earlier. At this so-called critical 
mass, the white dwarf will reig- 
nite and tear itself apart within 
a matter of seconds. This is what 
gives rise to a type Ia supernova. 

The usefulness of type Ia 
supernovae comes from two facts. 
First, they are more luminous 
than almost all other supernovae 
— about 5 billion times brighter 
than the Sun. This allows us to 
easily see them even billions of 
light-years away. 

And second, because each type 
Ia arises from the same type of 
progenitor and thus has roughly 
the same amount and type of 
combustible material, their light 
curves — the way their brightness 
evolves over time — are incredibly 
uniform. After the peak, the rate 
at which their light fades follows 
a predictable pattern over a few 
months, as heavy elements at the 
core of the white dwarf radioac- 
tively decay. 

This is why type Ia supernovae 
can be used to measure distance 
— even when it’s vast. Galaxies 
themselves can vary greatly in size 
and brightness, making it hard to 
tell whether, for instance, a galaxy 
that appears bright in the sky is 
intrinsically luminous or simply 
nearby. But type Ia supernovae are 
standard candles: The dimmer 
one appears, the farther away it 
lies. This property allowed astron- 
omers to discover that the expan- 
sion of the universe is accelerating, 
thanks to mysterious dark energy 
— a find that was awarded the 
2011 Nobel Prize in Physics. 

You might think that such 
a fundamental cosmic distance 
marker must be perfectly under- 
stood. But astronomers still 
debate what actually triggers a 
gigantic type Ia explosion in the 
first place — a detail that could 
have repercussions for our under- 
standing of the role of the dark 
energy these blasts have revealed. 


Negenerate details 


The trouble is this: Supernovae 
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PREDICTABLE PATTERN All type la supernovae have similar light 
curves, which describe how their light evolves over time. After an initial peak in 
brightness, the supernovae slowly fade as elements from the white dwarf that 
triggered the event decay. Each set of colored points shown here represents 
one su pernova’s light CUIVE@. ASTRONOMY: ROEN KELLY, AFTER DURHAM UNIVERSITY DEPARTMENT OF PHYSICS 


are rare, with just one every cen- 
tury in a galaxy like our Milky 
Way. Type Ia supernovae are rarer 
still because of the unusual cir- 
cumstances that produce them. 
This means we have not been able 
to actually see what the system 
around the white dwarf is like 
when it blows — we only spot a 
bright new point of light from 
millions of light-years away. 

And in astrophysics, the devil 


is in the details. “It doesn’t require 
extreme precision to know the 
universe’s acceleration is expand- 
ing,” explains Ken Shen, an 
astronomer at the University of 
California, Berkeley, who special- 
izes in type Ia supernova theory. 
“But there are appropriate con- 
cerns that there might be system- 
atic problems in observations.” 

That’s because while most type 
Ias appear to reach a standard 
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maximum luminosity before their 
predictable decay, a smaller subset 
appear too bright or too dim 
compared to what is typical. This 
discrepancy isn’t big enough to 
change the observation that the 
universe is expanding and accel- 
erating, but it is enough to affect 
how precisely we can measure 
this expansion. And Shen is 
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convinced that understanding the 
progenitors of type Ias is a key to 
doing that. 

“Knowing what the progeni- 
tors of type Ia are is an important 
thing,” says Shen. “How did these 
supernovae happen? The physics 
there is what drives me.” 

There are two leading theories 
on how to prompt a white dwarf 


to create a type Ia supernova, and 
both require the white dwarf to 
have a companion star that 
donates the extra mass to tip it 
over the limit and cause the 
explosion. The first is a single- 
degenerate (SD) system, where the 
white dwarf is in a close binary 
system with a fusion-burning 
star. (The “degenerate” here is the 
white dwarf, which, remember, is 
made of degenerate matter.) Over 
time, the white dwarf siphons 
material away from the star and, 
if it accretes enough material, it 
may reach the Chandrashekar 
mass and explode. 

But in recent years, the SD sce- 
nario has run into some troubles 
— namely, it doesn’t appear to 
explain what we see in some type 
Ia supernovae. One notable exam- 
ple was supernova SN 2011fe, a 
quintessential type Ia explosion 
that occurred in the Pinwheel 
Galaxy (M101) in 2011, some 
23 million light-years away. By 
type Ia supernova standards, it 
was right next door, and it was 
detected just hours after the explo- 
sion — the earliest a type Ia had 
ever been discovered. This allowed 
astronomers to search for evidence 
of a pre-existing companion star 
as well as any material in the sys- 
tem that was falling onto the white 
dwarf that exploded. 

They found neither. According 
to a 2013 review of the supernova 
published in Publications of the 
Astronomical Society of Australia, 
written by Laura Chomiuk 
at Michigan State University, 

SN 2011fe’s environment was low 
density. So, there wasn’t consider- 
able material available to collect 
onto the white dwarf and tip 

it over the weight limit into a 
supernova. 

Instead, Chomiuk writes, “the 
data imply that SN 2011fe may 
have been the merger of two 
white dwarfs.” This is the second 
popular theory explaining type Ia 
supernovae: a so-called double- 
degenerate (DD) system, where 
there are two white dwarfs, pre- 
sumably remnants from a stellar 


TRIGGERING A TYPE IA SUPERNOVA 


SINGLE-DEGENERATE SYSTEM 


A white dwarf pulls material 
from a nearby companion star. 


Companion star 


White dwarf 


The white dwarf grows until it reaches a 
critical mass, called the Chandrasekhar 


limit, about 1.4 M 


Sun" 


DOUBLE-DEGENERATE SYSTEM 


Two white dwarfs in a binary 
system spiral inward. 


binary. Over many thousands of 
years — long enough for any gas 
and dust for the original system 
to disperse — the two are drawn 
together by gravity and eventu- 
ally merge, creating the type Ia 
supernova. 

The exact details are still 
debated — for one, it’s not clear 
whether a full merger into a single 
object is needed, or whether a 


contact touch between the two 


white dwarfs is enough. Some 
researchers even think such a sys- 
tem might not need to reach the 
Chandrasekhar mass — even if 
the two white dwarfs add up to 
less than 1.4 solar masses, the 
force of the collision could still 
trigger a runaway nuclear reaction 
and cause them to explode. Either 
way, it’s different enough from the 
SD scenario that a DD explosion 
would have a different signature, 
provided astronomers could see 
sufficient detail. 

And this is where a twist of 
astronomical history comes in: 


The white dwarfs merge or possibly 
just reach the point where they touch. 


While no one alive has seen a 
type Ia supernova with the level 
of detail required to crack their 
code, who’s to say astronomers 
haven't in the past? What if we 
can use clues from the historic 
astronomical record to solve a 
modern astrophysical mystery? 


Turning back the clock 


Humans have been studying 
supernovae for thousands of 
years, though of course it was 
only recently that we understood 
what they are. If it’s close enough 
to Earth and with minimal dust 
along the line of sight, a super- 
nova can be visible all over the 
world as a bright new naked-eye 
star for several months. And 
you can bet that people noticed 
— some with fear, some with 
wonder, some with confusion 

— which often led early astrono- 
mers to write down what they 
saw. Ancient Chinese astrono- 
mers were particularly careful 


This triggers a runaway 
nuclear reaction that tears the 
white dwarf apart, causing a 
type la supernova. 


White dwarf 
grows 
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record-keepers, detailing many 
bright “guest stars” over the cen- 
turies, along with their locations. 
The earliest such supernova 
record dates to A.D. 185 and was 
visible for eight months; in mod- 
ern times, astronomers found 
the remnant from the explosion, 
RCW 86, and determined it was 
created by a type Ia supernova. 
The most recent type Ia super- 
nova seen with the naked eye 
(and the last supernova observed 
within our Milky Way) was first 
spotted in October 1604 and 
named Kepler’s Supernova, after 
astronomer Johannes Kepler. 
Kepler was not the first one to 
discover the supernova, but he 
took meticulous records of its 
position and its light curve for 
over a year and compiled his 
measurements with those of 
other astronomers for a book, 
De Stella Nova. The work is so 
meticulous that not only have 
modern astronomers identified 
the location of Kepler’s supernova 
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fellow astronomers’ 
observations of an 
October 1604 supernova 
in the constellation 
Ophiuchus in his book 
De Stella Nova. His 
detailed records 

are among those 
researchers have since 
used to reconstruct the 
light curve of the 
supernova to determine 


SUPERNOVAE SPECTRA Supernovae are grouped into two broad 
categories: type | and type II. Type | supernovae occur when a white dwarf 
explodes and show signs of heavy elements in their spectra, but no hydrogen. 
Type II supernovae are the end stage of a massive star, which still has ample 
hydrogen reserves and thus shows signs of this element in its spectrum. 
ASTRONOMY: ROEN KELLY, AFTER SIOBAHN MORGAN, UNIVERSITY OF NORTHERN IOWA 
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says. So, by conducting the most 
detailed study of these elements to 
date, Holland-Ashford aims to 
find what event led to the “stella 
nova’ that Kepler saw in the sky 
more than four centuries ago. 
Supernova remnants are a 
promising way to unlock the clues 
of their progenitors, but they’re 
not the only potential clue hiding 
in our galaxy. Shen has proposed 
a DD scenario where both stars 
don’t get shredded apart: Instead, 
back-to-back explosions first end 
one white dwarf as a type Ia super- 
nova and then fling outward the 
second white dwarf at a fantastic 
speed. The surviving white dwarf 
would travel at thousands of miles 
a second; such “hypervelocity 
white dwarfs” would theoretically 
be all over the galaxy. According 
to Shen’s idea, if the majority of 
type Ia supernovae are produced 


The X-Pays we see 
are still from the 
material ejected by 
the explosion itself 
Known as ejecta. 


this way, there should be about 30 
such hypervelocity white dwarfs 
within 3,000 light-years of Earth. 
But do such stars exist? 

“We didn’t really know if 
they'd survive,” recalls Shen, but 
he and his team have used data 
from the European Space Agency 
(ESA) observatory Gaia to find 
proof that some do. Gaia has 
obtained precise positional data on 
approximately 1 billion astronomi- 
cal objects, and Shen and his team 
led a search for local hypervelocity 
white dwarfs. After follow-up 
observations, they found three 
hypervelocity white dwarfs that 
fit the bill, each speeding along 
at a whopping 2.2 million to 


6.7 million mph (3.5 million to 
10.7 million km/h). What’s more, 
the team traced the path each 
white dwarf has traveled in the 
past. Two of the candidates show 
no sign that they originated in a 
nearby supernova remnant, which 
is perhaps not surprising, as the 
remnants could be faint or have 
dissipated over time. But one 
traced back to the location of a 
large, faint supernova remnant 
called G70.0-21.5, estimated to be 
from a supernova explosion 
approximately 90,000 years ago. 
It’s not quite a smoking gun 
— for one thing, Shen’s study fell a 
bit short on finding the right num- 
ber of hypervelocity white dwarfs. 
But there are many reasons Gaia 
might not have spotted them, Shen 
says. The white dwarfs the team 
did see were bright, but because 
these remnants cool over time, 
they also fade. Some may have 


dimmed below Gaia’s ability to see 
them, Shen says, though future 
surveys may pick them up. 


Going to gravitational waves 


The true origin of type Ia 
supernovae is unlikely to hide 
forever. One of the ESA's pri- 
mary future research missions 

is a gravitational-wave detector 
called the Laser Interferometer 
Space Antenna (LISA), a space- 
based observatory that will look 
for ripples in space-time itself. 
Gravitational-wave studies are still 
in their infancy — the first detec- 
tion by the Laser Interferometer 
Gravitational-wave Observatory 
(LIGO) happened in 2016, and 
LIGO is not sensitive enough to 
study white dwarf binary pairs. 


However, when it launches in 
2037, LISA will be able to detect 
binary white dwarf pairs in our 
galaxy with very short periods 
and glean details such as how 
long it will take for them to merge 
and the rate of such events. 
Perhaps, if we are very lucky, 
LISA might detect a signal just 
before a type Ia supernova lights 
up the sky as a new guest star. 
Using LISA, astronomers will 
finally know whether such merg- 
ers explain all type Ia explosions 
or if more than one scenario is at 
play — and perhaps uncover a bit 
more about fundamental physics 
along the way. What’s clear is that 
in a universe filled with cosmic 
explosions as exotic as type Ia 
supernovae, there is still much 
to uncover. # 


Yvette Cendes is a postdoctoral fellow of astronomy at the Harvard- 
Smithsonian Center for Astrophysics. Follow her on Twitter @whereisyvette. 


A FULL VIEW 

RCW 86 was left by 

a type la supernova. 
High-energy X-ray data 
from NASA's Chandra 
X-ray Observatory and 
the ESA’s XMM-Newton 
Observatory are colored 
blue and green, and 
show how interstellar 
gas has been heated to 
extreme temperatures 
as the ever-expanding 
shock wave from the 
explosion passes 
through. Yellow and red 
colors are lower-energy 
infrared light gathered 
by NASA's Spitzer 
Space Telescope and 
Wide-Field Infrared 
Survey Explorer, 
showing warm dust. 
X-RAY: NASA/CXC/SAO & ESA; 
INFRARED: NASA/JPL-CALTECH/B. 
WILLIAMS (NCSU) 


APULLU'S 


As political support for Moon 
landings waned, the crew of 
Apollo 17 ensured the program 
ended on a scientific high. 


NASA was already looking ahead. 
It was planning a first-ever joint mission with the USSR, 
preparing to launch the Skylab space station, and soliciting 
proposals from contractors for a new, reusable launch system 
dubbed the space shuttle, which was already attracting criti- 
cism and being called an expensive boondoggle. 

But even as public interest waned, Apollo 17 was NASA's 
last chance to demonstrate to scientists, politicians, and the 
taxpaying public that the entire $26-billion Apollo program 
had been worthwhile. To that end, NASA pulled out all the 
stops it could afford, especially when it came to science. 

The crew’s most prominent member was not its commander, 
but rather Lunar Module Pilot (LMP) Harrison “Jack” Schmitt. 
A geologist by training, Schmitt was hailed as the first Apollo 


“scientist-astronaut” — a novelty in an era when the U.S. 
astronaut corps had been the exclusive domain of military 
and test pilots. 

His selection was the culmination of a long-running cam- 
paign from the scientific community to send a geologist to 
the Moon. Schmitt had been assigned to the backup crew of 
Apollo 15, who, per NASA custom, were unofficially in line to 
fly three missions later. But after Apollo 18 was axed due to 
budget cuts in September 1970, speculation swirled inside and 
outside of NASA that Schmitt would be moved up to Apollo 17. 
Finally, on Aug. 13, 1971, six days after Apollo 15 splashed 
down, NASA announced Schmitt would be on Apollo 17 — 
bumping Joe Engle. 


Harrison “Jack” Schmitt carries 
the gnomon — a rod mounted 
to a tripod that was used as a 
gravitational indicator and a 
reference scale for photography 
— next to Split Rock at Station 6 
on the lower slopes of the 

North Massif. 
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Commander Gene Cernan was mak- 
ing his third spaceflight and second trip 
to the Moon. On Apollo 10, as LMP, he 
had come tantalizingly close to the lunar 
surface, descending to a height of just 
47,000 feet (14,300 meters) in a dry run 
for Apollo 11 before throttling up and 
returning home. Command Module Pilot 
Ronald Evans rounded out the crew; he 
and Cernan were former naval aviators. 

Schmitt would unleash his expertise 
in what he called a geologist’s paradise. 
The landing site was Taurus-Littrow, a 
valley on the southeastern rim of Mare 
Serenitatis (Sea of Serenity). It was 
hemmed in by mountains as high as 
7,900 feet (2,400 m), which were heaved 
upward in the massive impact that 
formed the Serenitatis basin. Since then, 
volcanoes and impacts had further 
sculpted the area. Features included land- 
slides, ejected boulders that had scraped 
tracks into the lunar soil, and a 260-foot- 
tall (80 m) scarp — the remains of a fault 
line — that cut across the 4.4 mile-wide 
(7 kilometers) valley. 

It promised much — and the crew 
delivered, sending off Apollo with a 
remarkable swan song. 

+ + + 
The final Apollo mission was the first to 
launch at night — and also the first to 
suffer a delay on the pad. Just 30 seconds 
from liftoff, the launch software ordered 
the proceedings to a halt. It turned out an 
oxygen tank had not been automatically 
pressurized — and though technicians 
manually pressurized it, the program 
had not gotten get the message. To bypass 
the checks, the ground crew rewired the 


Schmitt works at the lunar rover at the rim of Shorty 


Crater, where he first noticed orange soil. When Cernan 


The crew of Apollo 17: Commander Eugene A. 
Cernan (seated), Lunar Module Pilot Harrison H. 
Schmitt (left), Command Module Pilot Ronald E. 
Evans Jr. (right). 


launch computers. Two hours and 40 min- 
utes later, Apollo 17 lifted off, witnessed by 
a crowd of half a million people. 

Cernan, the only crew member to have 
flown to space before, warned his crew- 
mates about the bumpy ride at staging, 
when the first stage would separate and the 
second stage would ignite. 

Cernan: Inboard [engine] cutoff. 

Robert Overmyer, Capsule 

Communicator (CapCom): Roger, 
inboard. 

Cernan: OK, now hold on after staging, 
guys. [...] 

Cernan: Hold on! 

(Unknown): OK. 

Cernan: Five seconds. Which gs? 

(Unknown): Four gs. 

The astronauts received a jolt forward 


rounded the crater to take this image, he could see more 


orange soil in the crater wall. The saturation has been 


enhanced in this panorama relative to the raw film scans 


to highlight what the astronauts saw. 
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— from 4 gs nearly instantly to 0 gs — 

as the first stage engines cut out. 

(Unknown): Stage cu — ooof — 

Evans: Jesus Christ! 

Cernan: I told you to hold on. Look at 
that son-of-a-b----. Man! 

Thanks to the nighttime launch, the crew 

got a spectacular view out the Command 

Module (CM) windows of the bright yel- 

low fireball from the first stage overtaking 

and enveloping them. Then, when the 
second stage lit, they blasted back through 
the flame. 

Evans: Jesus criminy! [High-pitched 
laughter.] Haha! 

Cernan: OK, Bob. I guess we got all five 
[engines]. [...] 

Schmitt: By the way, the cabin’s sealed. 
[Laughter] [...] 

Cernan: Let me tell you, this night 
launch is something to behold. [...] 
You guys believe me about that S-I 
staging now? 

Evans: [High-pitched laughter.] Haha! 

Schmitt: I can’t believe how smooth this 
is. [...] 

Cernan: OK, let’s keep this mother 
burning. We've got a long way to go. 

+ + 

The valley of Taurus-Littrow was the 

Apollo program's most ambitious landing 

site. It runs roughly east-west between 

two massifs to the north and south that 
are taller than the Grand Canyon is deep. 

A third massif and a slighter range called 

the Sculptured Hills sit at the eastern end 

of the valley; the western end opens into 

Mare Serenitatis. In the Lunar Module 

(LM) Challenger, Cernan and Schmitt 

approached from the east, soaring over 


LEFT: Apollo 17 lifted off at 12:33 a.m. EST, Dec. 7, 1972, from Launch Complex 39A at Kennedy Space Center after a two-hour-and-40-minute delay. It was the first 
night launch of the Saturn V rocket. RIGHT: The crew spent much of the outbound flight focused not on the approaching Moon, but back at Earth. Thanks to the 
timing of the night launch, as our planet receded from view, the crew were the first humans to see the whole Earth in full phase, its disk totally illuminated — resulting 


in this famous photograph now known as Blue Marble. 


the hills and descending between the 
North and South massifs. 
Cernan: OK, I got the South Massif. 
OK, update the AGS [Abort 
Guidance System], Houston? 
Cernan: Yes. 
Gordon Fullerton (CapCom): That’s 
affirmative, update the AGS. 
Cernan: OK, Gordo, I’ve got Nansen 
[Crater]; P’'ve got Lara [Crater]; and 
I’ve got the Scarp. Oh, man, we're level 
with the top of the massifs, now. [...] 
OK, Gordo, we're out of 11,000 [feet] 
at nine [minutes]. 
OK, stand by for pitchover. 


Cernan stands at the edge of Van Serg, a crater 
filled with rocks formed on impact. Researchers 
had expected many of these rocks to be basalts 
dug up from the underlying bedrock, but 
evidently the regolith in this region 

was thicker than expected. 


Cernan: Oh, are we coming in. Oh, baby. 
OK; through 9,000. 
Cernan: Stand by for pitchover, Jack. 
Eight thousand. 
Cernan: Ill need the PRO[CEED com- 
mand entered into the computer]. 
Pll give it to you. 
Cernan: Pitchover. 
There it is! Proceeded. 
Cernan: And there it is, Houston. 
There’s Camelot [Crater]! 
Wow! 
Cernan: Right on target. 
I see it. 
Cernan: We got them all. 


In classic carrier-landing style, Cernan 
brought Challenger in hot, at a faster rate 
of descent than planned — then leveled it 
out right before touchdown. 

Moving forward a little. 
Ninety feet. Little forward velocity. 
Eighty feet; going down at 3. Getting a 
little dust. We're at 60 feet; going 
down about 2. Very little dust. Very 
little dust, 40 feet; going down at 3. 

Cernan: Stand by for touchdown. 

Stand by. Twenty-five feet; 
down at 2. Fuel’s good. Twenty feet. 
Going down at 2. Ten feet. Ten feet. 
Co — contact! 


The LM engine cut off and Challenger 

freefell the last several feet to the surface. 

Schmitt: STOP, push. Engine STOP; 
Engine ARM; PROCEED; Command 
Override, OFF; Mode Control, ATT 
HOLD; PGNS, AUTO. 

Cernan: OK, Houston. The Challenger 
has landed! 

Fullerton: Roger, Challenger. That’s 
super. [Applause in background.] 

Schmitt: OK, [cycling thruster] Parker 
valves. 

Cernan: Boy, you bet it is, Gordo. [To 
Schmitt] Boy, when you said shut 
down, I shut down and we dropped, 
didn’t we? 

Schmitt: Yes, sir! But we is here! 

Cernan: Man, is we here! [...] 

Cernani: Jack, are we going to have some 
nice boulders in this area. [...] 

Schmitt: Ohhh!!! Man, look at that rock 
out there! 

Cernan: Absolutely incredible. 
Absolutely incredible. 

Schmitt: I think I can see the rim of 
Camelot [Crater]. 

Fullerton: Roger. 

Cernan: Epic moment of my life. 


a e 


After relaying their initial impressions 
of the landscape to Houston and tak- 
ing care of some housekeeping items, the 
crew went straight into preparation for 
their first extravehicular activity (EVA). 
Cernan was first to clamber out. 
Cernan: I’m on the footpad. And, 
Houston, as I step off at the surface 
at Taurus-Littrow, I'd like to dedicate 
the first step of Apollo 17 to all those 
who made it possible. [Pause.] 
Jack, ’'m out here. Oh, my golly. 
Unbelievable! Unbelievable, but it 
is bright in the Sun. 
The crew didn’t stray far from Challenger 
on their first EVA. First, they set up 
the Apollo Lunar Surface Experiments 
Package (ASLEP), a suite of scientific 
instruments, near the LM. They also 
drilled a deep core sample. But difficul- 
ties with the core sample meant the day’s 
planned 90-minute geology field trip to 
Station 1, roughly 0.6 mile (1 km) to the 
south, had to be cut short by half an hour, 
leaving Schmitt none too pleased. 
The next day, Cernan and Schmitt set 
out across the valley in their lunar rover 
for the South Massif, roughly 5 miles 
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ROAMING THE VALLEY 


For mission planners, Taurus-Littrow valley was a crossroads of lunar history: The floor was 
covered in dark volcanic rocks, but boulders and lighter material that had fallen from the 
surrounding mountains offered access to ancient highland material. Gene Cernan and 
Harrison Schmitt spent a total of 75 hours in the sunlit valley of Taurus-Littrow. Of that, 

22 hours and four minutes were in extravehicular activity. The crew covered 19 miles 

(30.5 km) in the lunar rover and gathered 243 pounds (110.4 km) of samples. All are records. 


The valley of Taurus-Littrow lies at the center of this 
shot, framed by the South Massif to the left and the 
North Massif to the right. The valley ends at the East 
Massif at lower left, while the smaller Sculptured 
Hills are in the foreground. This photo was taken 
from the LM by Cernan on the last orbit before he 
and Schmitt descended to the valley below. The 
Command Module America is also visible, just below 
the South Massif. 


(6 km) away, on the other side of the 
scarp. Their destination had a dynamic 
history: A landslide had swept across the 
lower slopes and the scarp, leaving a fan 
of lighter material that contrasted with 
the dark, volcanic deposits on the valley 
floor. Strewn atop that was talus — a field 
of even lighter rocks and boulders that 
had tumbled down the mountain, which 
provided the opportunity to sample older 
massif material from higher elevations. 
As time wore on, Schmitt began to get 
annoyed with some of the requests that 

CapCom Robert Parker was sending up 

from the Mission Control back room, 

where a team of geologists huddled, glued 
to the TV pictures from the rover and 
strategizing a sampling plan on the fly. 

In one conversation, Schmitt took passive- 

aggressive objection with a call to sample 

further upslope. 

Parker: [To Schmitt] OK, and if you're 
going up the massif, why don’t we try 
and get the rake sample up there now 
— when you finish these rocks. 

Cernani: [Already working upslope.] Hey, 
Jack — Jack, don’t come up here 
unless you bring the rake. It’s a long 
trip. No sense coming up here twice. 

Schmitt: Well ... 

Cernan: I can go get this sample. Pd get 
the rake if 1 were you. Don’t walk back 
up twice. 

Schmitt: Well, I don’t ... uhrm uhrm 
uhrm ... I don’t — I’m not sure they’re 
going to gain anything by coming up 
to the top. OK. [Schmitt starts walking 
uphill back toward the rover.] You're 
not going to gain a thing, Bob. 


Standby. 

Schmitt: Youre still on the talus. 
[Pause.] You guys — oh, well. [He 
drops the subject and continues trudg- 
ing up the slope.] The rims of the 
small craters in the talus are — are 
softer than the normal terrain. My 
foot goes in maybe 10 centimeters 
[4 inches] where normally it only goes 
in a centimeter. 

[Interrupting.] OK. As long as 
it’s above the break of the slope, Jack, 
we don’t have to get very far up the 
slope. 

Schmitt: [Annoyed.] That’s right! It’s too 
late! [He turns to leave the rover and 
walk further uphill.] 

And, Jack, if you're back at 
the rover, how about giving us a 
grav[imeter] reading before you leave. 

Schmitt: Because I’m late sampling! 
That’s why. But Pll do it anyway. 

Uh, roger. 

While Cernan attempted to delicately 

change the topic with details of another 

boulder, Schmitt wasn't ready to let the 
topic go. 

Schmitt: Hey, look, Gene, on these rake 
samples, there’s just no point in carry- 
ing a rake all the way up here — 


Cernan kicks up a rooster tail as he takes the rover 
for a low-speed test drive. 


[Interrupting.] Negative, Jack, as 
long as youre above the break — 

Schmitt: — because all we needed was a 
break in the slope. 

— as long as youre above the 
break in the slope, that’s right. 

Schmitt: Well, that’s all right. It’s being 
done. But let’s watch those kind of 
calls, please. 

Cernan: [Diplomatically.] Yeah, they 
can't appreciate the toughness of 
going up this slope, though. We can 
— we've got to tell them that. 

Schmitt: Well, we did. 

Yeah, that’s what we were say- 
ing. Don’t go above just at the base of 
the break in the slope, Jack. Don’t 
climb all the way up there with it. 

Schmitt: Ah, relax! 

Cernan: OK, we're all set, Bob. No 
problem. 

Station 3 at Lara Crater brought more 

frustration for Schmitt. Cernan was 

tasked with drilling a sample core, leaving 

Schmitt to take surface samples solo — a 

difficult task for a tired astronaut in a 

bulky suit. In one slapstick sequence, he 

managed to knock over the bag of sam- 
ples, scattering them across the slope. He 
gathered them back up, only to drop the 


During the crew's first EVA, part of the rover's right 
rear fender came off, showering the crew and their 
equipment with dust. The next day, at the direction 
of ground controllers, the astronauts fashioned a 
replacement out of four of their maps. 


container again. In trying to pick it up, he 

fell over, rolling on the ground. He finally 

retrieved the container, only for his stack 
of empty bags to fall off their mount atop 
his camera. 

Hey, Gene, would you help 

— would you go over and help 

Twinkletoes, please? 

Schmitt: I tell you, you fix that 

camera bracket so the bags stay 

on and Ill be a lot better off. 

Roger. 

Cernan: Want some help, Jack? 

Pll be there. 

Schmitt: No! I don’t need any help. 

Cernan: OK. 

Schmitt: I just need better bags. 

But a couple minutes later, Schmitt 

offered an olive branch to Parker. 

We're watching you, Jack. 

Schmitt: What’s that? 

I said we're watching you, but 
don’t let that inhibit you. 

Schmitt: Bob, I don’t let anything 
inhibit me. And I don’t stay mad very 
long. [He neatly grabs his sampling 
scoop by stepping on the head, pivoting 
the handle up.] 

[Impressed.] That was very good! 

But in the end, Parker couldn't resist one 


Schmitt awkwardly leans over in his stiff spacesuit 
to reach the transmitter of the Surface Electrical 
Properties experiment, which measured the 
electrical properties of the lunar regolith. 
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parting quip as they departed Station 3. 

Parker: And be advised that the switch 
board here at MSC [the Manned 
Spaceflight Center] has been lit up 
by calls from the Houston Ballet 
Foundation requesting your services 
for next season. 

Schmitt: I should hope so! 

Station 3 was an emotional low point of 

the mission for Schmitt. But the crew’s 

next stop — Shorty Crater, 360 feet 

(110 m) wide and 46 feet (14 m) deep — 

would give him a shot of adrenaline and 

the mission’s highest of highs. 

Cernan: This is an impressive one. Wait 
until you see the bottom of it. [...] 

Parker: OK, and the primary priority 
— the No. 1 and 2 priorities at this 
station will be samples from the crater 
rim and the pan from the crater rim. 
Over. 

As the crew prepared to handle these tasks, 

Schmitt suddenly saw something curious. 

Schmitt: Ohhh, hey!! [Pause. Doubting 
himself.] Wait a minute — 

Cernan: What? 

Schmitt: — where are the reflections? 
I’ve been fooled once. [Discarding his 


doubts.] THERE IS ORANGE SOIL! 

Cernani: [Skeptically.] Well, don’t move 
it until I see it. 

Schmitt: It’s all over! Orange!!! 

Cernan: Don't move it until I see it ... 

Schmitt: I’ve stirred it up with my feet. 

Cernan: ... HEY, IT IS! I can see it from 
here! 

Schmitt: It’s orange! 

Cernan: Wait a minute, let me put my 
visor up. It’s still orange! 

Schmitt: Sure it is! Crazy! 

Cernan: Orange! 

Schmitt: I’ve got to dig a trench, 
Houston. 

Parker: Copy that. I guess we'd better 
work fast. 

Schmitt took command of the situation, 

sizing up the images they would need to 

obtain and digging a trench for samples. 

The crew had roughly 30 minutes before 

mission rules dictated they return to the 

LM. 

Cernan: Hey, he’s not — he’s not going 
out of his wits. It really is. 

Parker: [Half-joking.] Is it the same color 
as cheese? [...] 

Schmitt: It’s almost the same color as 


the LMP decal on my camera. 

Parker: OK. Copy that. 

Cernan: That is orange, Jack! [...] 

Schmitt: Fantastic, sports fans. It’s 
trench time! You can see this in your 
color television, I'll bet you. 

Cernan: How can there be orange soil 
on the Moon?! [Pause.] Jack, that is 
really orange. It’s been oxidized! Tell 
Ron to get the lunar sounder [in the 
CM pointed] over here. 

Schmitt: It looks just like a — an 
oxidized desert soil, that’s exactly right. 

Schmitt, Cernan, and the geologists 

immediately realized there was a possibil- 

ity that they had stumbled upon a young 
volcanic vent, where escaping steam and 
gases had rusted the soil. Next, Schmitt 
readied a core sample. 

Schmitt: Did you want that in the 
orange? 

In Mission Control, voices shouted in uni- 

son from the geologists’ back room: “Yes!” 

Parker: Roger, that’s affirm. We can put 
cores in gray soil all the time. 

After the mission, analysis would show 

that the orange soil was not oxidized 

from volcanic venting; rather, it contained 


LEFT: While Schmitt flailed at Station 3, Cernan was taking core samples with a specially designed double-chamber vacuum tube. The samples were intended to be 
opened after some indeterminate period when laboratory analysis techniques had improved. “Don't forget to put your little note in the long can there,” joked 
CapCom Robert Parker. “Oh, I'll get the note in there,” replied Cernan. “Nobody will ever know!” The tubes were finally opened in 2019 and 2022. RIGHT: Cernan took 
this shot of the trench that Schmitt dug through the orange soil. In Schmitt's excitement, he neglected to change his camera settings and all of his images of the 
orange soil came out overexposed and blurred (inset). 
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glassy beads that had formed from a fiery 
fountain of molten droplets and were 
encased in a lava flow some 3.5 billion 
years ago. Shorty Crater itself was formed 
by an impact — one that had excavated 
the beads from below. 

As the crew prepared for their rest 
period, CapCom Joe Allen shared some 
late-night philosophical musings. 

Might add, also, that there are a 
lot of us looking forward to that third 

EVA tomorrow. It’s going to be the last 


one on the lunar surface for some time. 


Cernan: I tell you, if it’s anywhere near 
what the first two were like, we're look- 
ing forward to it, also. [Long pause.] 

Gene and Jack, we're still marvel- 
ing at the beautiful television pictures 
that we're getting from your TV cam- 
era there. It’s fun, in fact, to watch the 
tracks that you're leaving behind in 
the lunar soil, both footprints and 
rover tracks. And some of us are 
down here now reflecting on what 
sort of mark or track will, someday, 
disturb the tracks that you leave 
behind there tomorrow. 

Cernan: That’s an interesting thought, 


SPACE SELFIES 


In addition to the 70mm 
Hasselblad cameras that 
the astronauts used to 
rigorously document 
their scientific findings, 
the crew also had 35mm 
Nikon cameras that they 
used to capture more 
personal moments. 


Joe, but I think we all know that 

somewhere, someday, someone will 

be here to disturb those tracks. 

No doubt about it, Geno. 

Schmitt: Don’t be too pessimistic, 

Joe. I think it’s gonna happen. 

+ + 

The final lunar EVA of the Apollo pro- 
gram took the pair across the other side of 
the valley to the North Massif. They drove 
through the field of boulders strewn across 
the lower slopes of the massif, made an 
excursion east to sample the Sculptured 
Hills, and finished the day surveying the 
rocky crater Van Serg. 

When the crew returned to the LM, 
they performed a brief closing ceremony 
in front of the rovers TV camera. They 
unveiled a commemorative plaque at the 
base of Challenger and NASA adminis- 
trator James Fletcher came on the radio to 
convey well-wishes from President 
Richard Nixon. 

Then, before climbing up the ladder for 
the final time, Cernan delivered one last 
soliloquy on the most distant stage in 
human history. 

Cernan: Bob, this is Gene, and I’m on 


— 


Schmitt took this portrait of Cernan outside the LM 
as they began their third EVA. In the reflection on 
Cernan's face plate, Schmitt is visible — and so is 
the Earth in the sky above him. 


the surface. And as I take man’s last 

steps from the surface back home, for 

some time to come — but, we believe, 
not too long into the future — I'd like 
to just [say] what I believe history will 
record: that America’s challenge of 
today has forged man’s destiny of 
tomorrow. And as we leave the Moon 
and Taurus-Littrow, we leave as we 
came, and, God willing, as we shall 
return: with peace and hope for all 
mankind. Godspeed the crew of 

Apollo 17. 

In a 2007 NASA oral history, Cernan 
reflected on those final moments on the 
lunar surface. 

Cernan: People kept saying, “What are 
you going to say, what are going to be the 
last words on the Moon?” I never even 
thought about them until I was basically 
crawling up the ladder. [...] 

I looked down, and there was my 
final footsteps on the surface [...] I 
looked over my shoulder because the 
Earth was on top of the mountains in 
the southwestern sky. [...] 

I wasn’t coming back. This was it. I 
wanted, like in the simulator, I wanted 
to push the freeze button, stop time, stop 
the world. I just wanted to sit there and 
think about this moment for a few 
moments, and hopefully absorb more 
subconsciously than I had the ability to 
take in consciously. 

But I couldn't, there was no freeze 
button. 

So up the ladder I went. 


Mark Zastrow /s a senior editor of 
Astronomy. 
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SKY THIS MONTH 


@ Visible to the naked eye 
MD Visible with binoculars 
‘*® Visible with a telescope 


THE SOLAR SYSTEM'S CHANGING LANDSCAPE AS IT APPEARS IN EARTH'S SKY. 
BY MARTIN RATCLIFFE AND ALISTER LING 


DECEMBER 2022 


A mighty Mars rises 


This month, all five 

naked-eye planets are 
visible in the evening sky soon 
after sunset. Mars grabs the 
most attention, reaching its 
most favorable Northern 
Hemisphere opposition in years. 
It’s even occulted by a bright 
Full Moon for parts of the U.S. 
Mercury and Venus make a fine 
pair after sunset, low in the 
southwest. It’s also your last 
chance to grab a good view of 
Saturn before it sets early in the 
evening. Jupiter dominates the 
southern sky after dark. And 
both Uranus and Neptune wan- 
der among fainter stars but are 
easy enough targets for binocu- 
lars or small scopes. 

We'll begin our tour with 
Mercury and Venus. Both plan- 
ets reappear from behind the 
Sun and start the month still 
deep in twilight. They climb 
higher each day, moving in tan- 
dem as December progresses. 

On Dec. 1, the duo sets 
within 38 minutes of the Sun. 
Venus is relatively easy to spot at 
magnitude —3.9, but it’s less than 
1° high 30 minutes after sunset. 


Mercury stands 3° east of Venus, 
shining at magnitude —0.6. 

On Dec. 8, Venus is 1.5° 
high and Mercury is 2° higher 
30 minutes after sunset, making 
them easier to observe in twi- 
light. Follow the pair as their 
visibility increases into the third 
week of the month. 

On Dec. 21, Mercury reaches 
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greatest elongation 20° from 
the Sun and is 8° high half an 
hour after sunset. Venus stands 
5° away and is 4.5° high. 
Mercury has dimmed to 
magnitude -0.5; it reaches 
magnitude 0 by the 27th. On 
Dec. 24, a lovely crescent Moon 
joins the pair of planets in the 
evening sky. Look southwest 
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Mars blazes bright as it reaches opposition in Taurus. By 10 pa., it is already 
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These detailed images of Mars during 
its 2020 opposition were created by 
stacking frames from one-minute 
VideOS. STEVE FUNG 


30 minutes after sunset: The 
Moon stands just under 5° from 
Mercury and 7° from Venus, 
forming a nice triangle. 

Venus continues pulling away 
from the Sun as Mercury stalls. 
The planets appear closest the 
evening of Dec. 28, only 1.5° 
apart. By New Year’s Eve, 
Mercury is 4° west of Venus and 
has faded to magnitude 1.3, 
making it hard to spot. Mercury 
is moving toward its next infe- 
rior conjunction in the first week 
of the new year. 

Through a telescope, Venus 
changes very little during 
December, from 99 percent 
to 96 percent lit. It spans 10" 
all month. Mercury, on the 
other hand, changes from a 
93-percent-lit disk spanning 5" 
to 17 percent lit and 9" wide. 

Saturn is over 30° high in the 
south at dusk in early December. 
But catch it early, as the ringed 
planet sets by 10 P.M. local time 
on Dec. 1 and at 8 P.M. by 
Dec. 31. Saturn lies in eastern 
Capricornus and starts the 
month at magnitude 0.7, drop- 
ping to magnitude 0.8 by the 
23rd. Its disk spans 16" and the 
rings stretch a majestic 36". 

The rings’ apparent tilt to our 
line of sight drops below 14° late 
in December. A waxing crescent 


RISING MOON | Look into darkness! 


MARS reaches opposition 
Dec. 8. One day prior, on the 
7th, much of the U.S. will see 
Mars occulted by the Moon. 


OO’ 


Moon stands 5° southeast of the 
planet on Dec. 26. 

Titan, Saturn’s largest moon, 
is magnitude 8.5 — an easy tar- 
get for small scopes. Find it 
north of Saturn Dec. 10 and 26, 
and due south Dec. 2 and 18. 
Fainter Tethys, Dione, and Rhea 
shine at magnitude 10 and lie 
inside Titan’s orbit. They 
become increasingly difficult 
to spot as the planet’s altitude 
drops later in the evening. 

Look for 11th-magnitude 
Iapetus Dec. 22 and 23. It 
reaches inferior conjunction 
early on the 23rd and U.S. 
observers on the evening of the 
22nd might spot the faint moon 
passing in front of the rings. 
Iapetus will appear dark against 
the brighter B ring. The transit 
is underway as darkness falls 
along the eastern seaboard. 

On the 23rd, Iapetus passes 
briefly very close to Tethys, 
starting around 6:23 P.M. EST. 
The pair will appear to merge 
in a telescope. An hour later, 
as darkness falls across the 
Midwest, they are 3" apart. 

Brilliant Jupiter is a useful 
guide to find distant Neptune 
in Aquarius these winter eve- 
nings. In early December, 
Neptune stands 6° west of 
Jupiter. That distance extends 
to 8° by the 31st, due largely to 
Jupiter’s easterly motion along 
the ecliptic. Neptune shines at 
magnitude 7.9, requiring at least 
binoculars to spot. 

— Continued on page 34 


DURING YOUR FIRST LOOK at the Moon 
through a telescope, chances are it was painted 
chockablock in fantastic craters all along the 
day-night terminator line, like it is this first week 
of December. The striking 3D effect is thanks 

to the shadows cast by mountain ranges, hills, 
scarps, ridges, and crater rims. 

Specifically on the 1st, the Apennine moun- 
tain range arcs north of the equator, not quite 
cradling the perfectly circular Eratosthenes, 
whose ragged rim projects spiky shadows onto 
its smooth lava-filled floor and central peak, and 
even longer spikes into the darkness to 
the west. You can see where artists of 
science-fiction stories were inspired to 
paint fantastic landscapes. But centuries 
before, Galileo knew that under a low 
Sun angle, even the gentlest of hills 
throw pointy shadows. 

A solitary Mons Piton sprouts above the 
wrinkled sea of Mare Imbrium. The large ellipti- 
cal Plato to the north is startling — watch how 
its shadows shrink in the next couple of hours. 

Over the course of the next few nights, the 
Sun gradually illuminates Mare Imbrium. No one 
realized that it was an enormous impact basin 
until we got our first orbital view of Mare 
Orientale. Then the isolated mountains of Piton 
and neighboring Pico suddenly fit the picture; 
they are simply the tallest peaks of an entire 


Piton, Pico, Plato 7 


Mons Piton 


es 


The seemingly lone peaks of Piton and 
Pico are part of a ring of mountains 
now mostly buried by lava. consouipareo 
LUNAR ATLAS/UA/LPL. INSET: NASA/GSFC/ASU 


ring, most of which is submerged under the lava 
that welled up from below long after the basin 
was first formed. 

Jump halfway from the equator to the south 
pole to find the Straight Wall painting a black 
scratch across the surface. Return on the 30th 
to watch its shadow slowly break away from 
the terminator as the Moon rotates gracefully 
toward the Sun. By the next night, the scarp 
casts but a thin black line. 


METEOR WATCH | The earlier the better 


Geminid meteor shower <> 
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GEMINID METEORS 


Active dates: Dec. 4-17 
Peak: Dec. 14 
Moon at peak: Waning gibbous 
Maximum rate at peak: 
150 meteors/hour 


The Geminids’ peak occurs 
with a bright Moon in nearby 
Leo. Looking earlier in the 
month may yield better 
results. 


TWO MAJOR METEOR SHOWERS 
occur in December. The Geminids 
are active from Dec. 4 to 17, peak- 
ing Dec. 14. Unfortunately, a bright 
gibbous Moon in the morning 
interferes with this year’s peak. Try 
observing earlier in the shower’s 
range: Although rates are lower, dark 
skies after midnight will show fainter 
Geminids and you might catch the 
rare bright meteor showing off early. 

The second shower of the month 
is very favorable, its peak coinciding 
with the Dec. 23 New Moon. The 
Ursids are active between Dec. 17 
and 26. With the radiant visible all 
night, conditions are ideal. The Ursids 
have produced outbursts above the 
normal zenithal hourly rate of 10 
meteors per hour, such as in 1945, 
1982, 1986, and 2014. While no out- 
burst is expected this year, it’s still 
worth watching the skies later this 
month. 
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HOW TO USE THIS MAP 
This map portrays the sky as seen 
near 35° north latitude. Located 
inside the border are the cardinal 
directions and their intermediate 
points. To find stars, hold the map 
overhead and orient it so one of 
the labels matches the direction 
you're facing. The stars above 
the map's horizon now match 
what's in the sky. 


The all-sky map shows 
how the sky looks at: 


9 p.m. December 1 
8 p.m. December 15 
7 p.m. December 31 


Planets are shown 
at midmonth 


MAP SYMBOLS 
{2 Open cluster 
® Globular cluster 
C) Diffuse nebula 
> Planetary nebula 
© Galaxy 


STAR 
MAGNITUDES 


@ Sirius 

@ 0.0 * 3.0 
@ 1.0 * 4.0 
e 2.0 + 5.0 


STAR COLORS 


A star's color depends 

on its surface temperature. 
The hottest stars shine blue 
Slightly cooler stars appear white 
Intermediate stars (like the Sun) glow yellow 
Lower-temperature stars appear orange 

The coolest stars glow red 


Fainter stars can't excite our eyes’ color 
receptors, so they appear white unless you 
use optical aid to gather more light 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT 
www.Astronomy.com/starchart. 


TUES. THURS. 
eee 


Note: Moon phases in the calendar vary in size due to the distance 
from Earth and are shown at 0h Universal Time. 


26 


ILLUSTRATIONS BY ASTRONOMY: ROEN KELLY 


CALENDAR OF EVENTS 
1 The Moon passes 3° south of Neptune, 8 a.m. EST 


The Moon passes 3° south of Jupiter, 8 p.m. EST 
4 Neptune is stationary, 5 a.m. EST 


DELPHINU 


5 The Moon passes 0.7° north of Uranus, 1 p.m. EST 
7 The Moon passes 0.5° north of Mars, 11 p.m. EST 
Full Moon occurs at 11:08 p.m. EST 


Mars is at opposition, 1 a.m. EST 
1 The Moon is at apogee (252,195 miles from Earth), 7:28 p.m. EST 
14 — Geminid meteor shower peaks 

16 q Last Quarter Moon occurs at 3:56 A.m. EST 

21 ~—‘ Mercury is at greatest eastern elongation (20°), 10 a.m. EST 
Winter solstice occurs at 4:48 p.m. EST 
Mars passes 8° north of Aldebaran, 11 p.m. EST 
23 ry New Moon occurs at 5:17 a.m. EST 


o oe i oe 
° $ es 24 The Moon is at perigee (222,619 miles from Earth), 3:27 a.m. EST 
r 
a’ The Moon passes 3° south of Venus, 6 a.m. EST 


The Moon passes 4° south of Mercury, 2 p.m. EST 
26 The Moon passes 4° south of Saturn, 11 A.M. EST 
28 The Moon passes 3° south of Neptune, 3 p.m. EST 
Mercury is stationary, 10 p.m. EST 
29 ~—- Mercury passes 1.4° north of Venus, 4 a.m. EST 
The Moon passes 2° south of Jupiter, 6 a.m. EST 
»D First Quarter Moon occurs at 8:21 p.m. EST 
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Dawn Midnight 
Moon phases 
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To locate the Moon in the sky, draw a line from the phase shown for the day straight up to the curved blue line. 
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THE PLANETS / “@uranus \ THE PLANETS IN THE SKY 
IN THEIR ORBITS These illustrations show the size, phase, 


Arrows show the inner \ and orientation of each planet and the two 
planets’ monthly motions Jupiter brightest dwarf planets at Oh UT for the dates 
and dots depict the ? Neptune / in the data table at bottom. South is at the top 
outer planets’ positions to match the view through a telescope. 


at midmonth from high 
above their orbits. 


Saturn, 


Venus Mars 


Mercury 


& 


Earth 
Winter solstice 
is December 21 


Mars 
Opposition is 
ecember 7/8 


Date : Dec, 15 


Mercury 
Greatest eastern elongation 
is December 21 


Magnitude -3.9 


Angular size 10.1" 


Illumination 98% 


Distance (AU) from Earth : 1.651 


Distance (AU) from Sun 0.728 
Right ascension (2000.0) 18h50.2m 18h25.3m 
Declination (2000.0) -25°10' -2413' 
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This map unfolds the entire night sky from sunset (at right) until sunrise (at left). Arrows 
and colored dots show motions and locations of solar system objects during the month. 
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Galilean satellites 
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top to match the 
view through a 
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Early evening 
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Jupiter (s) 


Saturn 


EE 
10" 
Uranus Neptune Pluto 
- s 
MARS CERES JUPITER SATURN URANUS NEPTUNE’ PLUTO 


Dec. 15 
-1.8 8.5 -2.5 0.7 5.7 78 15.2 
16.6" 0.5" 41.6" 16.1" ar 23° 0.1" 

100% 96% 99% 100% 100% 100% 100% 
0.564 2.453 4,741 10.327 18.881 29.902 35.475 
1.543 2.549 4.951 9.840 19.672 
4h46.0m 12h11.9m 23h59.4m 
10°20' 


Dec. 15 Dec. 15 Dec. 15 Dec. 15 Dec. 15 


29,913 
23h33.8m 
-4°08' 
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SKY THIS MONTH — Continued from page 29 


Tethys Saturn 
lapetus* 
W 

Enceladus —yimas 
Dec. 23, 6:23 p.m. EST 


On Dec. 23, lapetus passes so close to Tethys that the two should briefly 
appear as one bright spot in a telescope, though the position of each is shown 
here. Titan, not shown, lies west of the planet. 


Neptune is placed conve- 
niently between two 7th- 
magnitude stars all month. The 
planet is retracing its steps from 
November as it turns eastward 
on Dec. 4. The two stars are the 
easternmost pair of a parallelo- 
gram of four stars each about 
1° apart, located 5° northeast 
of Phi (0) Aquarii and easily 
identified with binoculars. 

Catch Neptune early, as 
it sets by 1 A.M. Dec. Ist and 
soon before 11 P.M. on the 31st. 
Telescopes reveal a dim bluish 
disk spanning 2". The waxing 
crescent Moon lies 3° south of 
Neptune on Dec. 28. 

Jupiter is hard to miss as the 
brightest planet in the sky after 
Venus sets. It’s high in Pisces in 
the south after sunset. The giant 
planet dims from magnitude 
-2.6 to -2.4 during the month. 
It’s moving east, deeper into 
Pisces and away from Aquarius. 

Jupiter’s disk slims from 43" 
to 39", but remains an impres- 
sive sight with a wealth of 
atmospheric details. Begin 
observing Jupiter in late twi- 
light for the best views, when 
its brilliance is tempered by the 
brighter sky and the dark pair 
of equatorial belts jump out. 
Finer details appear with 
patient attention. Every other 
night or so, the Great Red Spot 
makes a grand appearance. 

Io, Europa, Ganymede, and 
Callisto regularly change posi- 
tion and transit Jupiter, casting 
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their accompanying shadows. 
Io starts the month with a tran- 
sit Dec. 1 at 8:25 P.M. EST. Its 
shadow follows 77 minutes 
later. Watch as Jupiter sinks in 
the west; Io leaves the disk at 
10:39 P.M. EST, followed by the 
shadow’s egress at 11:54 P.M. 
EST. The event repeats the eve- 
ning of Dec. 8, beginning at 
10:19 P.M. EST. 

Io and Europa put on a show 


Dec. 9, starting as Europa 
passes behind the planet’s west- 
ern limb at 10:43 P.M. EST. After 
Europa disappears, look to the 
eastern limb to watch Io come 
out of eclipse about 25" from 
the planet at 11:01 P.M. EST. 
Callisto skims due south of 
Jupiter early on the evening of 
Dec. 13. Its orbital plane is such 
that the moon misses transiting 
or being eclipsed, but this pass 
is really close to a transit. Can 
you make out any dark space 
between the planet and moon? 
Dec. 15 finds the huge 
shadow of Ganymede transiting 
Jupiter. It shows up on the 
southern temperate belt starting 
at 7:41 P.M. EST, but the shadow 
is so big that you may see it 
begin to appear a few minutes 
earlier. The shadow takes nearly 
two hours and 40 minutes to 
transit. And you can round 
out the year by observing the 


COMET SEARCH | Transients on top 


NEXT MONTH, WE'LL FLY with 
Comet C/2022 E3 (ZTF) across 


the northern sky. Technically, 
it is the brightest comet this 


Comet C/2020 V2 (ZTF) * 


WHEN TO 
VIEW THE 
PLANETS 


EVENING SKY 
Mercury (southwest) 
Venus (southwest) 
Mars (east) 
Jupiter (South) 
Saturn (south) 
Uranus (east) 
Neptune (south) 


MIDNIGHT 
Mars (southwest) 
Jupiter (west) 
Uranus (west) 
Neptune (west) 


MORNING SKY 
Mars (west) 


Dec. 29 transit of Ganymede 
starting at 10:11 pM. EST and 
lasting nearly three hours. The 
Royal Astronomical Society of 
Canada’s Observer's Handbook 
gives a complete list of events. 
Uranus lies in southern 
Aries as an easy binocular target 


. © NGC 188 


month at magnitude 8 to 9. It’s 
riding high before dawn but if 
you're quick, you can catch it as 
evening twilight ends, setting in 
the northwest between Delta (6) 
and Epsilon (e) Coronae Borealis. 
Imagers will find the inner region 
glowing green. 

A reliable target for the entire 
night this month is C/2020 V2 
(ZTF). Somewhat fainter at 10th 
magnitude, this dusky snowball 
drifts quickly on the Capella side 
(southwest) of Polaris. German 
equatorial mounts will find track- 
ing challenging so close to the 
pole, while Dobsonian star- 


CEPHEUS* 


é 
Polaris 


; Path of Comet ZTF 
. >. = 


C/2020 V2 (ZTF) is making its way past Polaris this month. Just southeast 
of the comet's path (and outside this field of view) are several galaxies — 
M81, M82, and NGC 3077 — you won't want to miss. 


hoppers will only find it easy after the 17th, when the comet is less than 5° from the pole star. 

Under a dark sky, the nearby star cluster NGC 188 is easy pickings for an 8-inch scope. Since you're 
already pointed north, skip down to the magnificent pair M81 and M82, and compare their companion 
10th-magnitude elliptical galaxy NGC 3077 to the comet. With patience and powers of 150x or more, 
you can eke out the differences in shape and intensity. 


LOCATING ASTEROIDS | 
Hanging with the Demon 


ASTEROID 4 VESTA may lie at the top of the brightness list this 
month, but it floats across the nondescript, semi-uniform ocean 
of southern Aquarius, hard to pick out from the suburbs. On the 
other hand, 324 Bamberga lies near 2nd-magnitude Algol, named 
the Demon Star because ancient skywatchers noticed that it 
varies in brightness, unlike the other “fixed” stars. With just your 
eyes, watch Algol fade to magnitude 3.4 and recover to 2.1 in less 
than three days. It’s astrophysics in action, caused by the same 
transit trait we use to find exoplanets. 

Having just passed opposition and its closest point to Earth in 
November, Bamberga slowly fades from magnitude 9 to 10, soa 
4-inch scope is needed to nail it in the suburbs. The dust and gas 
so famously lit up by the Pleiades star cluster extend across this 
section of the Perseus Arm of our Milky Way Galaxy, suppressing 
background stars and leaving few competitors to distract you. On 
the 9th, 12th, and 16th, you should be able to notice Bamberga 
shift against the background stars in a two- or three-hour session. 
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On Christmas Eve, Venus, Mercury, and a thin crescent Moon form a triangle 


in the evening sky just after sunset. 


at magnitude 5.7. It’s visible all 
night and is highest in the hour 
or two before local midnight. Its 
4"-wide bluish disk is a challenge 
in a telescope. 

Uranus lies about 6° north- 
northeast of Mu (1) Ceti. The 
easiest way to find it is to look 
north of Mu for 5th-magnitude 
Sigma (0) Arietis, followed 3° 
farther along the same line by 
Rho (p) Arietis. Uranus starts 
the month midway between 
these two stars, moving slowly 
southwest and passing 1° due 
north of Sigma on Dec. 13. Both 
fit easily inside the field of view 
of 7x50 binoculars or a low- 
power telescope. That same 
night, Pi (7) Arietis stands 1.5° 
northwest of Uranus. 

Mars reaches its spectacular 
opposition Dec. 8 and is visible 
all night. Located in Taurus, the 
Red Planet stands 9.5° from 
Aldebaran that night. Mid- 
latitude observers in the 
Northern Hemisphere see Mars 
crest at more than 70° high — 
its best altitude for years. The 
Red Planet glows at magnitude 
-1.9 the first week of December 
and dims to -1.3 by the 31st. 

In a dramatic opposition 


preshow, the Full Moon occults 
Mars Dec. 7, except for observ- 
ers located along the East and 
Gulf coasts. The moment of 
disappearance depends on your 
location, but in the central U.S., 
Mars disappears around 

9 p.M. CST and reappears about 
an hour later. You can visit 
www.lunar-occultations.com/ 
iota/planets/1208mars.htm for 
the times from your city. 

Take advantage of telescopic 
views of the Red Planet in 
December’s first week, when the 
disk spans 17". Mars reached its 
closest point to Earth Nov. 30, 
when it sat 50.6 million miles 
away. The planet now recedes 
quickly and slims to 15" by the 
end of the month. 

Mars’ 24.6-hour rotation 
period places features some 10° 
farther east when observed at 
the same time each night. 
Consequently, Mars appears to 
rotate backward from night to 
night. Adjust your observing 
time to catch the features listed 
here on different dates or times. 
In the hours around local mid- 
night, the following features 
face Earth (for mid-U.S. 
locations): Dec. 1: Syrtis Major 


GET DAILY UPDATES ON YOUR NIGHT SKY AT 
www.Astronomy.com/skythisweek. 


Spanning 140 miles, Bamberga is one of the main belt’s top 20 
players in terms of size. Its eccentric orbit closes in on Mars and 
reaches two-thirds of the way to Jupiter. When it sits out near the 
latter in 2025, it will hit a feeble maximum magnitude of 11.9. 


Though Vesta is brighter, this month Bamberga passes close to the 
bright variable star Algol, making it more interesting to track. 


and Hellas; Dec. 10: Mare 
Cimmerium and Elysium; 

Dec. 17: Mare Sirenum and 
Olympus Mons; Dec. 23: 
Tharsis Ridge, Solis Lacus, and 
Valles Marineris; Dec. 30: Solis 
Lacus, Valles Marineris, Mare 
Erythraeum, and Sinus 
Meridiani. Mars is approaching 
the end of northern winter and 
the north polar cap has devel- 
oped a darkened north polar 
hood (NPH), caused by clouds. 
Watch for changes in the NPH 
as December progresses and the 
white polar cap emerges. 


If you've been practicing 
high-speed video capture of 
Mars over the past few months, 
December’s first week is the 
peak time to capitalize on Mars 
at its best. You'll need extra 
hard drives to store all your 
frames from the long nights! 


Martin Ratcliffe /s a 
planetarium professional with 
Evans & Sutherland and enjoys 
observing from Salt Lake City. 
Alister Ling, who lives in 
Edmonton, Alberta, is a longtime 
watcher of the skies. 
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There's no better time to explore 
the Red Planet's surface with your 
telescope. 


his month, Mars observers in the Northern 
Hemisphere will get a spectacle not seen in over 
a decade: The Red Planet will be near its highest point 
in the sky while close to Earth at opposition — the time 
when Mars is at its brightest and best for the year. 
Opposition occurs at 12:36 a.m. EST Dec. 8, just 
seven days after the Red Planet makes its closest approach to 
Earth, within 50.6 million miles (81.4 million kilometers) of 
our planet. Not since January 2007 has the planet been so 
high in the northern sky while so close to Earth — and it will 
not happen again until November 2037. 
During the weeklong period between close approach and 
opposition, Mars will appear 17" in diameter (17.2" at maxi- 
mum) and shine at magnitude -1.9 — just 0.6 magnitude 
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On April 5, 2021, a retreating Mars (reddish “star,” 
lower right), joined Betelgeuse (top), and Aldebaran 
(lower center) to form an acute red triangle low in 
the western sky after sunset, as seen from Maun, 
Botswana. The same will happen this December — 
except Mars will outshine Betelgeuse and 
Aldebaran. sterHen James o'MEARA 


dimmer than Jupiter, which will reign overhead with a frosty 
rose-colored light after sunset. 

Naked-eye observers will be able to track the Red Planet as 
it moves between the horns of Taurus the Bull, becoming the 
primary beacon in an acute triangle with the reddish stars 
Betelgeuse and Aldebaran. What’s more, the Full Moon will 
occult Mars the night of Dec. 7/8, adding another dimension 
to this unfolding drama. It’s a week of Mars observing not to 
be missed. 


READY FOR ITS CLOSE-UP 

At opposition, Mars will lie directly opposite the Sun, rising 
in the east as the Sun sets in the west and reaching its high- 
est point in the night sky around midnight. As with the Full 


Moon (which occurs when 
the Moon is at opposition), 

a telescopic view will show a 
fully illuminated Mars. And 
while the martian disk will be 
5.4" smaller than during its 
2020 opposition, observers at 
mid-northern latitudes will 
see the planet some 70° high 
— 20° higher than in 2020. 

If you miss the date of 
close approach or opposition, 
that’s OK: The planet will 
remain 17" in apparent diam- 
eter for a full month, from 
mid-November to mid- 
December. Assuming Mars 
is not covered by a global 
dust storm, you will have 
ample time to survey the 
entire planet at essentially 
its largest for the year. 

What face Mars presents 
will depend on the time of 
your observation. Mars com- 
pletes a full rotation in 24.6 
hours, so if you observe the 
planet at the same time every 
night, you will see its dark 
features back up by about 10° 
every day, creating an illusory 
retrograde rotation period of 
around 36 days. On any given 
night, if you watch Mars for 
two hours, you will be able to 
observe an additional 30° of 
longitude. 

The region of Mars facing 
Earth will be roughly the 
same at its closest approach 
(Nov. 30 at 9:11 p.m. EST; lon- 
gitude 250°) and at opposition 
(Dec. 8 at 12:35 a.m. EST; 
249°). The dark surface fea- 
tures Mare Cimmerium and 
Mare Tyrrhenum will share 
the south-central part of the 
disk. Meanwhile, Syrtis Major 
will be closer to the limb on 
the following side (that which 
has a local time earlier in the 
day, “following” the preceding 
side as the planet rotates) of 
the martian central meridian 
(the imaginary line that runs 
from pole to pole and bisects 
the disk). Note that come 
opposition, the south polar 


cap should have greatly 
receded, with perhaps just 

a pip of frosty light visible. 
However, the North Polar 
Hood — a giant icy cloud that 
forms over the martian north 
pole during northern winter 
— may be prominent. 


THREE FACES 
OF MARS 
Let’s look now at three faces 
of Mars and their regions of 
special interest. To see the 
most detail, plan to spend at 
least an hour surveying the 
planet. Patience is key, as it 
is during fleeting moments 
of exceptional seeing that 
the finest details reveal 
themselves. 

We'll start with the face 


visible at the moments of clos- 


est approach and opposition, 
around central meridian lon- 
gitude 250°. 

On this face, Mare 
Cimmerium and Mare 
Tyrrhenum split the martian 
center stage. Both features 


RIGHT: The Dec. 8, 2022, opposition, 
occurs roughly midway between 
Mars’ perihelion (the closest point in 
its orbit to the Sun) and aphelion (the 
farthest point). astaowomy: ROEN KELLY, AFTER 
STEPHEN JAMES O’MEARA 


BELOW: Surface features generally 
visible through telescopes as small as 
3 inches are labeled here. South is up 
and following (west) is right. astronomy: 
ROEN KELLY; BASEMAP: NASA/JPL-CALTECH 


comprise part of Mars’ heav- 
ily cratered southern high- 
lands. Wind whipping 
different types of sand across 
the region’s rough and ragged 
terrain creates a dappled 
appearance, which the Greek- 
French Mars observer Eugene 
Michel Antoniadi (1870-1944) 
referred to as “leopard skin.” 
The largest patches can be 
spied through a 3-inch refrac- 
tor only under excellent see- 
ing, though CCD imagers 
capture these features 
regularly. 

Hesperia, a slightly 
brighter corridor of terrain, 
separates Mare Cimmerium 
from Mare Tyrrhenum, while 
the modestly bright albedo 
(reflectivity) features Eridania 


and Ausonia lie immediately to 
the south of them, respectively. 
The vast plains of Eridania are 
of special interest, as NASA’s 
Mars Reconnaissance Orbiter 
has identified what appear 

to be ancient hydrothermal 
deposits in the region — the 
likely remains of a vast inland 
sea that existed 3.7 billion years 
ago. 
Just south of the North 
Polar Hood is another area of 
interest, the volcanic complex 
Elysium. This region frequently 
harbors clouds, especially in 
the mid-afternoon on Mars, 
when warm air containing 
water vapor rises up the slopes 
of each volcano and cools at the 
higher altitude, causing the 
water vapor to freeze and form 
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511 million miles 
| 


Oct. 13, 2020 
38.7 million miles 


Perihelion 


Aerino' 


y PAT ZONNS | 


VIRGIN pica 


VIVITIPUS NOTIS) 4 
> 


WWW.ASTRONOMY.COM 37 


Hesperia, Elysium, Hellas, and Syrtis Major are some 
of the features that will greet you if you observe 
Mars at the exact times of close approach or 


opposition. In these maps, south is up and following 
is rig ht. ALL MAPS: ASTRONOMY: ROEN KELLY; BASE MAP: NASA/JPL-CALTECH 


a cloud of ice crystals. The 
high reflectivity of the clouds 
makes the complex especially 
apparent, particularly as it 
nears the preceding (evening) 
limb. 

The celebrated feature 
Syrtis Major, the darkest on 
Mars, is a vast elevated pla- 
teau covered with basaltic lava 
that erupted from a low shield 
volcano. Look for a prominent 
V-shaped marking. As Syrtis 
Major nears the meridian, be 
sure to observe the great 
Hellas impact basin, which 
spans 1,400 miles (2,300 km) 
across. In recent years, its 
southern portions have at 
times been bright with fresh 
windblown dust. 


LOOK MARS 

IN THE EVE 

Mars’ second face is centered 
on about longitude 100°. It 
prominently features Solis 
Lacus, the Eye of Mars, at 
longitude 85°. Solis Lacus is 
the most variable large-scale 
feature on the planet — not 
surprising, as this vast plain is 
notorious for producing dust 
storms that often change its 
appearance and albedo. At 
some oppositions, the oculus 


Mare Tyrrhenum bares its “leopard 
skin” in this Hubble Space Telescope 
mosaic. STEVE LEE (UNIVERSITY OF COLORADO), JIM 


BELL (CORNELL UNIVERSITY), MIKE WOLFF (SPACE SCIENCE 
INSTITUTE), AND NASA 


is dark and conspicuous; at 
other times, it’s a low-contrast 
smear. Its appearance this 
opposition will depend on 
recent dust storm activity. 
Just northeast of Solis 
Lacus lies the great Valles 
Marineris — the largest 
canyon system in the solar 
system. At 2,500 miles 
(4,000 km) long, this tectonic 
crack (with possible ancient 
water channels) would stretch 
across the continental U.S. It 
forms the northern rim of the 
Eye of Mars and is best seen 


38 ASTRONOMY = DECEMBER 2022 


The famed Eye of Mars (Solis Lacus), the trio of 
volcanoes on the Tharsis bulge, and Olympus Mons 
dominate this face of Mars. 


gers 
eet 


‘Mare Erythraeum 
Margaritifer ,” 
M.. Sinus Aurorae 
_ Sinus = 

Dy ee 


Acidalium 


The prime meridian of Mars runs through the dark 
albedo feature Sinus Meridiani (Meridian [or Middle] 


Bay). This convention was established by the 
French astronomer Camille Flammarion, who 
named the feature in the late 1870s. 


at magnifications of 250x or 
greater. Be aware, this feature 
appears as little more than a 


dark whisker. On the opposite 


side of Solis Lacus, to the 
southwest, look also for the 
more prominent Mare 
Sirenum (Sea of Sirens), 
another section of Mars’ pit- 
ted southern highlands. Mare 
Sirenum follows Solis Lacus 
and all but points to it. 

To the northwest of Solis 
Lacus lies the Tharsis- 
Amazonis region. A variety 
of bright clouds are expected 
to form on Mars around the 
time of closest approach and 
opposition, especially in this 
region. If youre fortunate, a 


W-shaped array of orographic 
(mountain-hugging) clouds 
will form over Olympus Mons 
and the three major Tharsis 
volcanoes — Arsia Mons, 
Ascraeus Mons, and Pavonis 
Mons. Olympus Mons is an 
enormous shield volcano that 
measures 370 miles (600 km) 
across and 16 miles (26 km) 
high. It is the largest volcano 
in the solar system. 


A TOUCH OF 
FLARE 
The last face is centered on 
Sinus Meridiani, through 
which the martian prime 
meridian passes. It forms the 
terminus of Sinus Sabaeus, 
a dark pipestem of material 
extending toward the junction 
of Syrtis Major and Hellas. 
At the western end of Sinus 
Sabaeus, use high power to 
look for Dawes’ Forked Bay, 
though its visibility varies 
from apparition to apparition. 
Nested between Sinus 
Sabaeus and Sinus Meridiani 
is the crater Schiaparelli, clas- 
sically known as Edom 
Promontorium. This crater 
has been the site of flares or 
flashes since 1954. Once mys- 
terious, these flares are now 


known to be mirrorlike 
reflections from sunlight 
glinting off ice crystals in 
either patches of surface frost 
or thin clouds in or above the 
crater, a theory first proposed 
in 2001 by amateur astrono- 
mers Thomas Dobbins and 
William Sheehan. 

This year, during the week 


cratered, eroded volcanic 
plains of Mare Acidalium 
(about a quarter of the size of 
the U.S.) and its southern pro- 
jection, Nilokeras. 


A GRAND FINALE 
With opposition comes 
another rare event: the Full 
Moon will occult a full Mars 


The face of Mars can change in just two hours, as demonstrated here through the 


between Mars’s closest along a path covering parts 
approach and opposition, five | of North America, Europe, 
flares are predicted to occur: and Northern Africa. (Areas 


author's Tele Vue 3-inch refractor at 300x. South is up and following is right. LEFT: 
Dark Mare Cimmerium (left) and Mare Tyrrhenum (right) split the center; Hesperia 
is the brighter region between them. Elysium is the bright region at lower left. The 
south polar cap is small and the North Polar Hood prominent. RIGHT: Dark Syrtis 
Major and bright Hellas have rotated into view. stePHen James OMEARA 


Dec. 3 at 3:04 a.m. EST, Dec. 4 where the occultation will 


at 3:40 a.m. EST, Dec. 5 at 
4:16 a.M. EST, Dec. 6 at 

4:52 a.m. EST, and Dec. 7 

at 5:28 a.m. EST. Flares may 
occur earlier than these times, 
up to two hours before Edom 
Promontorium’s central 
meridian passage. 

The dark mass following 
Sinus Meridiani is composed 
of two distinct features. One 
is triangular Margaritifer 
Sinus, whose chaotic terrain 
(where flooding occurred on 
a catastrophic scale, unlike 
anything seen on Earth) con- 
tains Ares Vallis, one of the 
largest martian outflow chan- 
nels. The irregular block of 
Mare Erythraeum, a cratered 
depression with fluvial, volca- 
nic, and tectonic structures, 
lies southwest of Margaritifer 
Sinus. Then, cast your gaze 
northwest to Aurorae Sinus, 
whose fingerlike valleys flow 
northward into the sandy 
plains of Chryse. 

Two more features of note 
lie at the high latitudes of this 
face of Mars. South of Mare 
Erythraeum lies the circular 
feature Argyre. This 
1,000-mile-wide (1,600 km) 
ringed basin is one of the 
largest impact features on 
Mars and was formed nearly 
4 billion years ago. Now jump 
to the planet’s northern 
hemisphere for the sparsely 


not be visible include most of 
Alaska and the southeastern 
U.S.) The conjunction starts 
off the U.S. West Coast Dec. 7 
at 9:17 p.m. EST and ends over 
Eastern Europe and Northern 
Africa at 1:10 a.m. EST Dec. 8. 
It will take the Moon nearly 
40 seconds to consume Mars. 
Although the exact time of 
disappearance and reap- 
pearance will depend on 

your location, if Mars passes 
behind the center of the 
Moon, the occultation can last 
almost an hour. 

This apparition of Mars 
will slowly wind down after 
opposition, but the planet will 
remain an attractive target 
into next year. For instance, 
by the end of December, the 
planet’s North Polar Hood 
should start to break up dur- 
ing the martian equinox, 
exposing the planet’s North 
Polar Cap — an event that 
may last well into January. 
Usually, observations for 
those using small telescopes 
end once the planet shrinks 
to 6", which occurs in early- 
April. Skilled observers and 
CCD imagers will no doubt 
extend the season until the 
planet becomes lost in the 
glare of the Sun in October 
2023, leaving us memories of 
a remarkable time spent with 
Mars. # 


Mars reaches opposition, 
Dec. 7/8 


11 21 31. 


* Path of Mars 


In November and December, Mars will move westward in retrograde between 
the horns of Taurus the Bull. astronomy: ROEN KELLY 


A student of Mars since childhood, Stephen James O'Meara won 
his first high school science fair for his attempt to grow bacterial life 
in a simulated martian atmosphere. (It didn’t work.) 


Orographic clouds shroud the Tharsis volcanoes and Olympus Mons, among 
other features, while a dust storm rages to the northwest in this Mars 
Reconnaissance Orbiter image. Solis Lacus, the Eye of Mars, is at top, with 
the dark streak of Valles Marineris below it. nasaipL-caLTECH/MALIN SPACE SCIENCE SYSTEMS 
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Your guide to th 
eclipses on Earth. 
BY MICHAEL E. BAKICH 
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Astronomy magazine has a new partner for 
our eclipse expeditions: Eclipse Traveler, a 
company from Lake Mary, Florida, will be 
providing top-notch experiences for our 
readers during the 2023 annular eclipse, 
the 2024 total eclipse, and beyond. 


It’s all about exploration 

Eclipse Traveler was founded in 2000 with the mission of helping 
people explore countries, cultures, and a range of environments 
including cities, mountain ranges, deserts, coasts, and jungles. 
And that’s what the company is still about. But that’s not all: 
Travelers get to explore our amazing world on trips that culmi- 
nate with surreal views of solar eclipses, those rare astronomical 
events that trek across only a tiny fraction of our planet’s surface. 
And the staff at Eclipse Traveler prides itself in finding the best 
spots to view those eclipses. 

Obtaining such spectacular views is sometimes an adventure in 
and of itself. Mountain environments require a bit of hiking — 
though the company makes sure it minimizes strain on travelers. 
For polar regions, Eclipse Traveler uses small expedition ships to 
get you where big cruise liners can’t go. Far northern areas, though 


Tr 


BACKGROUND ECLIPSE IMAGE: ALAN DYER 


Eclipse olraveler 


they can be quite chilly, also offer the chance 
to glimpse the aurora borealis after the Sun 
has set. 

Of course, eclipses happen in all seasons. 
During a winter expedition, some travelers 
may choose to ski. Others may opt for a dog 
sled ride or a snowshoe stroll. Eclipse chasers 
have even built an igloo — and slept in it. 

When voyaging to distant lands, travelers 
often want to check out the indigenous 
wildlife. Eclipse Traveler makes this easy by 
organizing small, unobtrusive groups guided 
by experts. And speaking of experts, to 
really understand the local culture, you need 
to get off the beaten path with a local guide 
who can share their knowledge with you. 
Eclipse Traveler has you covered there, too. 

Since its inception, the company has 
cared about the communities and environ- 
ments that its tours take you to. Mesut 
Pehlivan, senior field manager and director 
of operations, says, “Eclipse Traveler has 
always been and will always be a responsible 
tour operator. It is in our DNA to work hard 
to look after what we so prize.” 

The company works closely with all its 
overseas partners to run tours in the best 
possible ways. It has an extensive training 
program for its tour leaders. It also actively 
seeks out expert astronomers who can offer 
travelers valuable insight into the astronomi- 
cal sights they encounter. 

Why does the staff take such great care? 
Simply put, they love the places they visit, 
and they love sharing nature and astronomy 
with like-minded people. Eclipse Traveler 
also offers a diverse range of experiences, 
with many geared toward families and 
school groups. 


Eclipse Traveler was founded 22 years ago 
by Cengiz Aras, who brought with him 

his tourism experience gained through Flo 
Tours, a company that specializes in tours 
to Asia and the Middle East. Aras had spent 
32 years organizing tours for small groups 
in off-the-beaten-path sectors of the world. 
His hobby of astronomy led him to create 


aveler 


a specialized company organizing only 
eclipse tours. The continued use of both 
established suppliers and Flo Tours’ regional 
offices in different parts of the world have 
greatly contributed to the quality and 
success of Eclipse Traveler’s tours. 

Pehlivan joined Eclipse Traveler in 
2017. He says that since he’s been with 
the company, he’s helped organize the 2019 
Chile Eclipse Expedition as well as brokered 
a partnership with Silversea Cruises for an 
Antarctica cruise in 2021. “When we decide 
to take our groups to a place to view an 
eclipse,” he says, “we at least visit the site 
three times, and sometimes as many as six, 
to talk to local astronomers, meteorologists, 
and our suppliers.” 

Apart from hand-selecting the best 
spots to view eclipses, Eclipse Traveler 
uses its tourism experience to provide a 
memorable trip overall. For example, it 
takes the food and drink choices extremely 
seriously, because those two elements are 
most likely to be remembered by the guests, 
even years later. All of Eclipse Traveler’s 
administrative staff are also multilingual, 
former licensed tour guides with decades 
of experience. 

Infrastructure is another concern that 
gets a lot of attention, whether it’s tents to 
protect travelers from the Sun, brand-new 
portable toilets, an ambulance for possible 
health issues, or comfortable seats suited 
for open-air viewing sites in remote parts 
of the countryside. 


If youre going to view any future solar 
eclipse — and especially if you want 

to leave the details in capable hands — 
consider one (or more) of the upcoming 
Astronomy magazine and Eclipse Traveler 
tours. You'll see more about these events in 
coming months. We promise you'll have an 
experience you ll never forget! 


Eclipse Traveler’s 2019 Chile Eclipse 
Expedition led clients to bustling 
Santiago, beautiful La Serena, the fertile 
Elqui Valley, and La Silla Observatory in 
the Atacama Desert. un-ess oTHERWISE NOTED, 


Contributing editor Michael E. Bakich is a 
veteran of 14 total eclipse tours, many of which 


featured him as trip astronomer. 
ALL IMAGES COURTESY OF ECLIPSE TRAVELER 
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works endure. 
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Often leading to paradigm shifts in how 
we understand the universe, these classic 


On the Heavens, 
Aristotle (circa 350 B.c.) 


On the Heavens, written by 
| Aristotle nearly 2,400 years ago, 

is perhaps the most influential 
astronomy book in history. This work’s 
continued importance stems mostly from 
its historical significance to the Catholic 
Church. Aristotle’s work was adopted as a 
true description of God’s creation linked 
to biblical text. The separation of corrupt- 
ible Earth from perfect heaven and the 
description of a geocentric universe 
aligned with the teachings of the Church. 


IEVGENII TRYFONOV/DREAMSTIME 


At the time of its writing, it provided a good English translation isn’t an easy had copious notes, a clear sign that it was 
compelling answers to a pre-telescopic read. However, historian of science Owen __ closely studied. Eventually, enough con- 
world, even impacting historical events Gingerich spent years traveling the world __ troversy grew that it was placed on the 
that would later follow. For instance, looking at first and second editions of De — Catholic Church’s Index of Forbidden 
Christopher Columbus used the book, in —- Revolutionibus. He found that many cop- _ Books, where it remained until 1758. 
part, as an inspiration for his voyages. ies, including those of Kepler and Galileo, 

Eventually, almost everything in it was 

proven incorrect, but On the Heavens, 

which is still in print, provides a fascinat- 

ing view of astronomical evolution. 


Nicolaus Copernicus’ book De 
Revolutionibus Orbium Coelestium 
(On the Revolutions of Heavenly 


LUDOVISI COLLECTION, JASTROW/WIKIMEDIA COMMONS 


Spheres) ignited a slow-burning change in 
the attitudes toward Aristotle's geocentric 
universe. Copernicus, a canon of the 
Catholic Church, worked on the book for 
years but was reluctant to publish it for fear 
of backlash. He also realized his heliocen- 
tric thesis did not solve all the observa- 


tional problems of the geocentric system. 
Late author Arthur Koestler claimed 
that there was very little interest in De 
Revolutionibus, and that almost no one 
initially read the work after its publication 
in 1543. That’s at least partly because, De Revolutionibus, 
packed with diagrams and tables, even Tee cis Cojo ehinlleltiy| (rs) 
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Sidereus Nuncius, 


Galileo Galilei (1610) 
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MEDICE. 


On a visit to 

the Linda Hall 
Library in 

Kansas City, Missouri, 

I was taken to the rare 
book room by former 
Librarian of History 
and Science Bruce 
Bradley. After donning 


white, acid-free archi- 
val gloves, Bradley showed me many iconic 


treasures. When he handed me the 1610 first 
edition of Galileo’s little book, Sidereus 
Nuncius (Starry Messenger), I felt like I was 
holding the Holy Grail! This small book chal- 
lenged and changed astronomy forever. 
After Galileo built his first telescope in 
1609, he quickly turned the new device to the 
heavens — and he was astounded by what he 
saw. Knowing others were also making obser- 
vations with telescopes, he rushed to publish 
Sidereus Nuncius, a straightforward book of 
observations, in March of 1610. It revealed a 
universe far more complex than ever imagined, 
and one that was also undeniably heliocentric. 
Galileo’s book went far beyond the theoretical 
work of Copernicus, providing the proof 
needed to displace Aristotle’s geocentric 
universe once and for all. 
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Strictly speaking, Philosophie Naturalis Principia Mathematica 

(Mathematical Principles of Natural Philosophy), published in 1687 by 

Isaac Newton, is not an astronomy book. In 1684, Edmond Halley 
asked Newton to settle a dispute about the inverse square law, which describes, 
for instance, how a light dims farther away from its source. Newton said he 
had worked out that problem years before, but he could not find his papers. 
With Halley’s prodding, Newton reworked his calculations. The result was his 
seminal book, the Principia. It was met with both amazement and ridicule. 
Astronomers, however, soon understood its relevance for positional and navi- 


gational astronomy, which was of extreme importance in the 18th century. In 
the 19th century, Newton’s work 


was critical in determining plan- 
etary motions, the orbits of com- 
ets, the nature of binary stars, 


Philosophie Naturalis Principia 


Mathematica, |saac Newton (1687) 


the visible universe. 
Sir John Herschel 
would later say, 
“The Principia 
of Newton is not, 
nor ever will be, 
put aside as an 
obsolete book.” 
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and even the scale of 


The Mechanism of the Heavens, 
written by Mary Somerville and 
published in 1831, quickly 
became one of the most influential 
books on astronomy since Newton’s 
Principia. Somerville’s book was rapidly 
embraced as an important contribution 
to the understanding of celestial 
motion. Somerville had been asked to 
provide a translation of Pierre-Simon 
Laplace’s book Traité de mécanique 
celeste (Treatise of Celestial Mechanics). 
Instead, she produced a work of her 
own, which she said translated “from 
algebra into common language” the dif- 
ficult concepts of celestial motions. It 
became extremely valuable to both 
astronomers and students, and it was 


used as a text- 
book for more 
than half a cen- 
tury. The book 
went through 
many revisions, 
keeping pace 
with astronomi- 
cal developments 
over time. Mary 
Somerville was 
a brilliant math- 
ematician and was 
hailed as the “queen 
of science” in her 
1872 obituary 
in The Morning 
Post. During 
Somerville’s 91 
years, she wrote 
five additional 
important science 
books and 
many scien- 
tific papers. 
Somerville’s 
astronomical 
talents and 
contributions 
proved that, 
if given the 
opportunity, 
women could 
match the men 
of science step 
for step. 


THOMAS PHILLIPS (PUBLIC DOMAIN) 
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THE HEAVEN. 
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The Mechanism of the Heavens, 


Mary Somerville (1831) 
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In the first half of the 

19th century, astrono- 

mers were making 
amazing discoveries, but 
there was no single compre- 
hensive summary of astron- 
omy. Sir John Herschel’s 1849 
book, Outlines of Astronomy, 
filled this void. In it, he writes edition was published in 
about his own observations 1902, and it was trans- 
and research, as well as those of astrono- _ lated into many languages, including 
mers such as Giuseppe Piazzi, Heinrich © Chinese and Arabic. The astronomer 
Olber, Friedrich Bessel, and others. The = Agnes M. Clarke said it was “perhaps 
topics in Outlines range from astronom- _ the most completely satisfactory general 


clusters, and every other 
area of astronomical 
interest at that time. 
Herschel’s 700-page 
book was so influential 
that it went through 11 
editions between 1849 
and 1873. An American 
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Ser a ' re Outlines of Astronomy, 
ical instruments to geography, time, exposition of a science ever penned. John Herschel (1849) 


comets, planetary perturbations, star High praise indeed. 


Mars and Its Canals, published in 1906, sparked a 
martian mania with the public. This was the second 
of three books about the Red Planet by Percival astronomy hobbyist, however, even small ° ‘amateur”. 
Lowell. In his first work, Mars, published in 1895, Lowell telescopes were expensive. So, backyard observers started 
suggested a race of martians to explain the regularity of the building their own equipment. In 1926, Amateur Telescope “3 
canals which he was convinced crisscrossed the globe. The Making, published by Scientific American, provided an # 
book was not well regarded by many professional astrono- answer to a growing need. 
mers. In Mars and Its Canals, Lowell pushed the idea even The first edition of Amateur Telescope Making was a 


omy at the beginning of the 20th century. For t 


further, telling of a peaceful race of martian engineers who compilation of articles written by Albert G. Ingalls. The 
had devised massive waterworks for their fading civilization. idea grew from a 1921 article by Russell W. Porter titled 
With this book, Lowell became an international celebrity “The Poor Man’s Telescope.” It was indeed a nappy be. 
and opened the floodgates to the popular imagination. accident that had a profound ee 
Within six years of its appearance, Edgar Rice Burroughs impact on the hobby. Ingalls = __ a 
had published his first Mars adventure. Songs were penned eventually met Porter, and \ | “Aa MAKING 
and movies were made. The idea of martian canals engi- they soon joined forces in pro- [we = 
neered by a race of extraterrestrials has long since vanished, viding clear instructions for et 
but Lowell’s book building telescopes. The first 
Mars and Its Canals, sparked a desire to book is filled with diagrams, 
Percival Lowell (1906) search for life on formulas, and delightful sketches 
Mars, which by Porter. Four years after its 
still persists publication, Scientific American 
to this day. published an article by the newly 


famous Clyde Tombaugh titled 
“My Experience in Amateur 
Telescope Making.” In it, Tombaugh 
described being “armed now with 
the book Amateur Telescope 
Making,” which provided the infor- 
mation he needed to produce better 
optics. Not a bad endorsement! 
Eventually growing to three 
volumes, Amateur Telescope 
Making continued to inspire and 
instruct thousands of hobbyists, 
including myself, for decades. 

The collection has not lost its 

value or charm even today. 
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Amateur Telescope Making, 


Albert G. Ingalls (1926-1953) 
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The Internal Constitution of the 
Stars, written by Sir Arthur S. 
Eddington and published in 1926, 
completely changed our understanding of 
stellar physics and the internal structure of 
stars. In the early 20th century, astronomers 
were still struggling with the fundamental 
questions of why stars shine, where they get 
their energy, and what mechanisms cause 
them to evolve. Eddington was particularly 
interested in Cepheid variable stars. He 
wanted to understand the physics 
of their rhythmic variations in 
brightness. Eddington’s book 
explores how radiation from 
internal heat and pressure can 
keep a star stable and affect its 
luminosity. Eddington also 
showed that hydrogen and helium 
are under immense pressure at 


millions of degrees. 


Meitner, as well as 
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“The Cosmos is 
all that is or ever 
was or ever will 


be.” With the opening words 
of his book, Cosmos, Carl 
Sagan inspired, excited, and 
enthralled a generation of 
readers. Appearing in 1980, 
the book was a companion 
text to the 13-part television 
series on PBS, Cosmos: A 
Personal Voyage. Cosmos 
spent 70 weeks on the New 
York Times’ bestseller list. It 
also received the Hugo Award 
for Best Non-Fiction Book in 
1981. It was used in college 
astronomy classes, as well 
as enrichment and literature 


Cosmos, 
Carl Sagan (1980) 


classes, around the country, 
inspiring many young readers 
to pursue careers in science. 
With Cosmos, Sagan 
showed that human curiosity, 
ingenuity, and imagination 
have provided an understand- 
ing of the great universal 
connections that are woven 
through the human experi- 
ence. “The cosmos is within 
us,” he said in the television 
incarnation. “We are made 
of star-stuff.” These are just 
a few of Sagan’s insights and 


the cores of stars, where temperatures reach 


The Internal Constitution of the Stars 
(often called the ICS) was first presented as 
a paper at a 1920 meeting of the British 
Association. In the paper, Eddington said, 
“A star is drawing on some vast reservoir of 
energy by means unknown to us.” In the 
late 1930s, Austrian-Swedish physicist Lise 


answer: nuclear fusion. Eddington’s work 
on stellar interiors propelled 
and advanced our understand- 
ing of the lives of stars and 
drove the ultimate discovery 
of what makes them shine. 
In many ways, his 
book was a catalyst 
that ignited modern 
astrophysics. 


others, supplied the 


expressions that have entered 
the lexicon of our vocabulary. 
Carl Sagan’s Cosmos not 

only changed the way we 


THE OBSERYV, rory 
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The Internal Constitution of the Stars, 
Arthur S. Eddington (1926) 


ASTRONOMY: SCOTT KRALL 


experience the wonder of the 

universe, but also proved that 
science literature can be both 
inspiring and entertaining. 


NASA 
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The test of time 
The 19th-century art critic 
John Ruskin wrote that there 
are “books of the hour” and 
“books of all time.” The 10 
books discussed here are 
seminal works that have pro- 
pelled astronomy forward. 
A few are now treasured for 
their literary appeal, and 
some have entered the realm 
of historians, scholars, and 
collectors. But this in no way 


diminishes how important 
or influential all these books 
have been or will continue 
to be to astronomy and our 
love of the stars. They will 
always live on. # 


Raymond Shubinski /s a 
contributing editor to Astronomy. 
His office shelves are filled with 
hundreds of astronomy books, 
old and new. They all bring 


him joy. 
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OBSERVING BASICS 


A final farewell 


This column has brought me joy for decades, and | have you all to thank. 


This is my final Observing Basics column. 
Since I’m not one to do things in a small way, 
I’ve decided to hold this press conference to 


answer any questions you may have about my 20-year 
stint here. First question — lady in the front row. 


Why are you leaving Astronomy? 

Actually, ’'m not leaving. I’m just saying farewell to 
Observing Basics. I’m getting up there in years, and 
though I’m not ready to be put out to pasture, I’m 
slowing down to the point that I find it harder each 
year to keep up with the monthly deadlines and the 


BY GLENN CHAPLE 
Glenn has been an 


avid observer since A WL TPs ti af f 
diend Showed reader email. It s time to move on in favor of some 
him Saturn through fresh blood! I hope to stay with Astronomy, writing 


an occasional observing-oriented article. Next 
question — gentleman in the third row. 


a small backyard 
scope in 1963. 
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The Pleiades cluster 
(bottom right) rises over 
the horizon in Canada’s 
Waterton Lakes 
National Park. avan pyer 


How did you land this gig as a columnist? 
Great question! I’ve had the writing bug since 
putting together a little book on dinosaurs when I 
was in the 5th grade. Fast forward 20 years to 1977 
and I saw an ad in Astronomy for a new publication 
called Deep Sky Monthly. I subscribed, and in the 
second issue, I came upon a request for contributing 
writers. While there would be no payment, I jumped 
at the chance to improve my writing chops. I quickly 
forwarded an article on my No. 1 deep-sky love 

— double stars. To my surprise and delight, the 
editor wrote back (there was no email in those days) 
saying he would be publishing my article and asking 
if Pd like to become a full-time Deep Sky Monthly 
columnist. Would I? You bet! 

Through correspondence, I learned (to my dismay) 
that the editor of Deep Sky Monthly was a 17-year-old 
high school junior. I just knew this kid would either 
get a girlfriend, go off to college, or lose interest in 
astronomy altogether, and Deep Sky Monthly would 
suffer an early demise. I might have even reneged on 
my decision to contribute to the publication had I not 
remembered that my interest in astronomy blossomed 
when I was a 17-year-old high school junior. 
However, I needn't have worried. Deep Sky Monthly 
consistently improved in 
quality and increased their 
subscribers to the point 
where, in 1982, the magazine 
joined the AstroMedia pub- 
lishing group alongside 
Astronomy. Then, 20 years 
ago, the editor-in-chief of 
Astronomy phoned to ask if I'd like to take over a col- 
umn geared for novice backyard astronomers. That 
editor was that same kid who founded Deep Sky 
Monthly: David J. Eicher. I cringe to think where I'd 
be had I turned down his writing offer so many years 
ago! Next question — in the back row. 


What was your best Observing Basics article? 
My high school honors English teacher, Richard 
Gardner, refused to accept the half-baked writing 
that had gotten me through my earlier school years, 
instilling in me an awareness that good writing 
requires ample time and effort. That said, I'd chose 
my favorite not as much for the writing quality as 

for the message it conveyed; I’ve always felt my article 
in the April 2011 issue called “Size doesn’t have to 


matter” takes the cake. In it, I praised the capabilities 
of small-aperture telescopes and paid homage 
to a trusty telescope I’d owned and used since the 
mid-1960s — a 3-inch f/10 Space Conqueror from 
Edmund Scientific. I felt it important to communi- 
cate to my readers that you don’t need to purchase 
a mega-huge, mega-expensive, mega-high-tech 
telescope to enjoy the wonders of the night sky. 

You have a second question? 


What do you consider your worst Observing 
Basics article? 

Well, when it comes to 
negative reader feedback, 

my worst Observing Basics 
article might be the one that 
appeared in the August 2004 
issue. Titled “A ring anda 
triangle,” it included my 
opinion about the visibility 
of M57 (the Ring Nebula in 
Lyra). More specifically, I 
wrote that “Its annular (ring) 
appearance is visible only 
through 6-inch scopes or 
larger.” Several readers 
emailed to inform me that 
they had seen the ring with 
telescopes having apertures 
as small as 3 to 4 inches. One 
disgruntled reader went straight to 

the internet with a piece called “The 
Ring-ness of the Ring Nebula.” He 
blasted me for my obvious lack of 
astronomical knowledge, took my editor 
to task for not spotting such an egregious 
mistake, and stated that he was canceling 
his subscription to Astronomy. Ouch! (By 
the way, I was able to make out the ring 
with a 4-inch apochromatic refractor, 

so I humbly stand corrected. You learn 

as you go.) A young lady in the front row 
has a question. 


In your final column, is there any December 
sky sight youd like to spotlight? 

I'll close my tenure as Observing Basics columnist 
with the gorgeous naked-eye open cluster M45, 
better known as the Pleiades, or Seven Sisters. This 
swarm of cosmic fireflies offers a unique observing 
experience whether you study it with unaided eye, 
binoculars, or a telescope. 

In December, the Pleiades appears high above the 
eastern horizon after sunset. From urban areas, this 
cluster may be a washout with even its brightest mem- 
ber, 3rd-magnitude Alcyone, hidden by light-polluted 
skies. On a moonless night, suburban skygazers will 
be able to see Alcyone and four or five fainter Pleiades. 


I cringe to 
think where 
I'd be had | 
turned down 
his writing 
offer so many 
years ago! 


Es OE 


For keen-eyed folks observing from pristine 
dark-sky locales, that number can rise to a 
dozen or more! Binoculars and low-power, 
rich-field telescopes bring out the best in the 
Pleiades. While adding a few dozen more 
cluster members, they're able to capture the 
entire group as well as the surrounding dark 
sky — a spectacular sight! 

If you're fortunate enough to live in an area 
blessed with dark skies, see if you can pick 
out the nebulosity that surrounds much of 
the Pleiades. A large-aperture telescope 
equipped with a 
medium- to high-power eye- 
piece doesn't offer the most 
appealing view at first glance. 
(The cluster barely fits in such 
a field of view!) But take 
another look and you'll see a 
number of double and multi- 
ple stars, several of which I 
described in the January 1980 
issue of Deep Sky Monthly. 

Look next to Alcyone to 
observe a striking, wide triple 
system comprised of stars shin- 
ing at magnitudes 6.3, 8.2, and 
8.7. With Alcyone and a hand- 
ful of fainter stars, it forms a 
multiple system identified in 
star atlases by the Wilhelm Struve catalog 
designation 2 I 8, or in the Washington 
Double Star Catalog as STFA 8. 

Since there are no more raised hands, 
let me offer some closing comments. 
Writing this column has been a dream 
come true for that 11-year-old youngster 
who made a book on dinosaurs. I hope 
that during my two decades of writing 
Observing Basics, I helped a few begin- 
ners enter a lifelong love and pursuit of 
backyard astronomy, and that I also 
encouraged a few veterans to try something new. 

Best wishes to whomever picks up where I left off. 
Anda huge thank you to Dave Eicher and all the other 
Astronomy staffers as they continue to put out the 
world’s greatest astronomy magazine. This includes 
the editors and copy editors who took over Mr. 
Gardner’s job and helped my writing be the best it 
could be. 

Finally, a special thanks to you, the readers. 
Without your encouragement, suggestions, and, yes, 
even criticisms, putting together this column wouldn't 
have been the rewarding experience it was. 

To all of you, a heartfelt “Clear skies!” # 


(ly 


BROWSE THE “OBSERVING BASICS” ARCHIVE 
AT www.Astronomy.com/Chaple 


ABOVE: Stargazing is a 
hobby for those of any 
age, as well as a great 
cross-generational 
activity. | recently had 
the chance to share 
the night sky with my 
granddaughter and 
her friend. pavin cHAPLE 


LEFT: Also known as 
the Seven Sisters, the 
Pleiades (M45) open 
cluster contains mostly 
hot, middle-aged 
B-type stars. When 
viewed through a 
scope or binoculars, 
the delicate blue 
wisps of a reflection 
nebula come into 
focus. aan pyER 


Scan the QR 
codes below 
to read Glenn's 
picks for his 
best and worst 
articles. 
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/ SECRET SKY 


A Christmas 
crescent 


This December, try searching for festive hues on the Moon. 


ABOVE: One might 
imagine the Moon's 
dappled, green-and- 
red crescent to be a 
crown of thorns and 
drops of blood — as 
holly was symbolic of 
in early Christians’ 


Christmas celebrations. 


STEPHEN JAMES O'MEARA 


RIGHT: This 14 percent 
crescent Moon 

has a green segment 
(top limb) and red 
segment (bottom 
limb). The sunlit rims 
of the craters near the 
terminator are green 
and the crater floors 
near the terminator 
appear red. sterHen 
JAMES O'MEARA 


BY STEPHEN 
JAMES O’MEARA 
Stephen is a globe- 
trotting observer who 
is always looking 

for the next great 
celestial event. 


Here’s a challenge for you this holiday season. 
When night falls on Christmas Day, the Moon 
will be only two days past New. The splinter 
of a crescent, 7 percent illuminated, will lie low in the 
west after sunset and hug the horizon just 
after the official start of nightfall. The chal- 


I was not disappointed. Using a 3-inch Tele Vue 
refractor and a Canon 90D camera, I observed and 
photographed the Moon as it neared the horizon. 
As expected, the Moon’s upper limb near the termina- 
tor turned emerald, while its lower limb shone blood 
red. Both phenomena are common and related to the 
dispersion of the Moon’s light as it sinks toward 
the horizon. 

Also present, however, was Michaud’s “frost- 
ing” of green crater rims. As excited as I was to 
see that phenomenon, | also noticed the appear- 
ance of patches of red splashed across some crater 
floors near the terminator. 

Out of curiosity, I checked to see the phase of 
Moon this December; I was pleased to find a 
similar situation taking place on Christmas 
night and Boxing Day. Seen as a whole, the 
pointy tips along the Moon’s green terminator, 
combined with its interspersed beads of red, 
could easily bring to mind a wreath of holly. 
During their Yule celebration at the winter sol- 
stice, the ancient Celts decorated their homes 
with holly. Druid priests believed it had mystical 
restorative powers, especially as their waxy green leaves 
and bright red berries thrived during the long cold 
nights of Northern Hemisphere winter while other 
plants withered away. 

This supernatural aspect may be related 
to the green flash. Cicely M. Botley wrote in 


lenge is to observe the descending Moon “The bright the 1938 edition of her The Air and Its 
through a telescope when it is only a couple ed ge of each Mysteries that the green flash may be found 


of degrees above the horizon, and to follow it 
until it sets — for only during that time will 


crater rim 


in Celtic folklore. Folklore from the Isle of 
Man, for instance, “contains much about the 


the colors of the Christmas crescent appear. flickered soilshey-bo, or ‘living light,’ a mysterious 
This column was inspired by Peter with a green — emanation from the sun which, ifit fell upon 
Michaud of Hilo, Hawaii, who earlier this ‘frosting’ and oncertain herbs, gave them almost miracu- 


year told me he once saw, through his lous healing powers.” This light, she writes, 
stolethe ... 

12.5-inch reflector, a phenomenon on the " is “almost certainly a reference to what sail- 

Moon similar to the green rim that appears show! ors call more prosaically ‘the sun putting out 


on the Sun when it is near the horizon. 
“Normally I wouldn't look at the Moon when 
so close to the horizon,” Michaud said, “but 
I was looking to see if 1 could see a green flash 
at moonset. As I was watching, the bright 
edge of each crater rim flickered with a green 
‘frosting’ and stole the show!” Michaud was 
curious if others had ever witnessed the 
phenomenon. 

While I was not aware of any, his query 
came at an opportune time: I was about to 
travel to the Makgadikgadi salt pans in northern 
Botswana — one of the flattest places on Earth. On the 
night of June 3, 2022, a 14 percent crescent sank into a 
largely featureless horizon, yielding a chance to search for 
Michaud’s phenomenon under exceptional conditions. 


his sidelights’” — a “brilliant green like the 
starboard light of a ship,” which we now call 
the green flash. 

As the Moon will be near perigee come 
Christmas, it will appear nearly 14 percent 
bigger and 30 percent brighter than when it 
is at apogee, so the effect may also be 
magnified. 

Either way, as Michaud writes, “It’s pretty 
easy to see under the right conditions with a 
clear horizon.” 

If you succeed in seeing it, send your observations to 
me at sjomeara31@gmail.com. # 


(i BROWSE THE “SECRET SKY” ARCHIVE AT 
a www.Astronomy.com/OMeara 
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Off the beaten 


path 


RD 


With Mars calling 
Taurus home this 
month, take the 
opportunity to tour 
all the objects 
everyone's favorite 
bull has to offer. An 
asterism the author 
calls Orion's Spear 
is outlined in green. 
ASTRONOMY: ROEN KELLY 


BY PHIL 
HARRINGTON 

Phil received the 
Walter Scott Houston 
Award at Stellafane 
2018 for his lifelong 
work promoting and 
teaching astronomy. 


Martian opposition is the best time 
to tour Taurus. 


Pleiades~.*.s 
+ oS 


This month, all eyes will be on Mars as it 
reaches opposition on Dec. 8 (see page 36 for 
how best to observe it) within everyone’s 
favorite bull, Taurus. In addition to the Red Planet, 
Taurus is home to many striking targets. You may be 
familiar with its two most arresting open star clusters, 
the Pleiades (M45) and the Hyades (Melotte 25). But 
what about others that are often overlooked? 

Let’s begin our journey at Aldebaran 
(Alpha [a] Tauri), the Bull’s angry red eye. 
After you have enjoyed it, shift your attention 


In addition 


distances lying along the same line of sight as seen from 
Earth. The authors determined that since the stars show 
different proper motions, they are not traveling as a 
group through the Milky Way. 

The same paper proved that the eastern member of the 
duo, NGC 1817, is the real deal. However, it’s tougher to 
spot, despite containing more than 200 stars by some 
counts. Its three brightest, shining at only 9th magnitude, 
form a faint triangle along the cluster’s western edge that 
seems to point back toward NGC 1807. The rest, at 10th 
magnitude and fainter, blend into a feeble glow. 

Scan east of the Taurus Double Cluster and you'll 
notice a broad, arrowhead-shaped pattern of about half 
a dozen 5th- and 6th-magnitude stars aimed back at 
NGC 1817. Notably, the northern barb of the arrow is 
marked by orange 119 Tauri. Also known as CE Tauri, 
this semi-regular variable fluctuates slightly between 
magnitudes 4.2 and 4.5. 

From the arrow’s base, look for a curved shaft of 
seven or more stars hooking southeastward toward 
Orion the Hunter’s raised arm. Combined, I think of 
this asterism as Orion’s Spear, since it looks as though 
he threw it at Taurus before raising his sword. 

While the stars in the spear’s curved shaft bear no 
physical relation to each other, many in the spearhead 
belong to the widespread open cluster Collinder 65. The 
cluster has 11 members centered on 6th-magnitude 
113 Tauri and spans the spearhead’s central 3°. It’s dif- 
ficult to tell the true cluster members apart from the field 
stars, since there are about 20 stars brighter than 8th 
magnitude within the cluster’s borders. But together, 
they fill in the spearhead’s form. 

Finally, let’s shift northward to Mars and 
use the Red Planet to revisit NGC 1746. We 
stopped by this object back in the January 2019 


8¥%°, or about one and a half binocular fields, to the issue, but since Mars is standing close by all 
due east. There, you'll find an arc of three Red Planet, month, 1 thought it worth revisiting. The two 
approximately 5th-magnitude stars formed Taurus is will appear closest together on Dec. 3/4, when 
by 11 Orionis, 15 Orionis, and SAO 94377. Mars is just 1° north of the cluster. Mars stays 
Two NGC star clusters are %° north of the home to within a 7°-wide region — roughly a binocu- 
latter (an orangish star) and appear less than many lar field — centered on NGC 1746 from 
a Moon’s diameter from each other. They form striking Nov. 26 until Dec. 12. 

a pseudo-Double Cluster of sorts. targets. Pdlike to close by tipping my hat to Glenn 


The western member of the pair, 
NGC 1807, contains about three dozen stars 
and has an apparent diameter of 17’. Due to 
the compactness of the grouping, binoculars may have 
a difficult time resolving individual members. The 
brightest stars, however, give the cluster a triangular 
shape tilted toward the southeast with 8th-magnitude 
SAO 94371 marking the triangle’s tip. 

Although many references still list NGC 1807 as an 
open star cluster, some studies — including a paper 
published in Astronomy & Astrophysics in 2018 — 
suggest it is an illusion caused by several stars at varying 


—_— 


Chaple, whose final Observing Basics column 
appears in this issue (page 48). Ihave known 
Glenn for decades and we see each other every 
summer at Stellafane. It has been an honor and a plea- 
sure to share these pages with him for so many years. 

Questions, comments, suggestions for future col- 
umns? Contact me through my website, philharrington. 
net. Until next time, remember that two eyes are better 
than one. # 
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base which doubles as a magnifying glass. 


Order now! 
MyScienceShop.com/Lowell 


Sales tax and retail delivery fee where applicable. 
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‘>. SPACE & BEYOND B°X 2 oa 


. DELIVERED RIGHT TO YOUR DOOR! 


AN EXCITING SPACE ADVENTURE ©”. a 


From exploring planets and moons to taking a tour of galaxies and our 
universe — Space & Beyond Box helps you uncover the wonders of the universe 
from the comforts of your own home. 


| 


SPACE PARTICLES _ 
| naa / 


20° OFF 


YOUR FIRST BOX 
+FREE SHIPPING! 


USE CODE: 


HOLIDAY20 


From the makers of 


Astronomy 


ae q ‘@ as 


SUBSCRIBE ARRIVE EXPLORE CONNECT 
Get 6-8 premium space items Discover a new space- Get the latest space Join the community 
at 30% off retail prices. themed box 4x a year. trends and topics. at #BeyondTheBox. 


FREE SHIPPING!” Connect with us: | f iO} 


SpaceandBeyondBox.com/LearnMore #BeyondTheBox 


*Offer expires January 31, 2023 at 11:59 p.m. CT. Free shipping to the contiguous U.S. only. 


READER GALLERY 


Cosmic portraits 


1. MONUMENTAL SETTING 

The Dolmen of Guadalperal — 
sometimes called the Spanish 
Stonehenge — is a megalithic 
monument 100 miles (160 kilometers) 
southwest of Madrid that may date as 
far back as 3000 B.c., when it served as 
perhaps a solar temple or a tomb. 
Normally, the site is submerged in the 
Valdecanas reservoir. This image was 
taken July 23, 2022, amid a severe 
drought. « Sérgio Concei¢ao 


2. CLOUDY VIEW 

This deep view of Bode's Galaxy (M81; 
left), the Cigar Galaxy (M82; right), and 
NGC 3077 (upper left) is the result of 
more than 219 hours of exposure taken 
by a collaboration of seven astroimagers 
in the U.S., Europe, and Oceania. Some 
of the wispy clouds this image reveals 
are galactic cirrus — tendrils of dust 
within our Milky Way. But others are 
neutral hydrogen clouds that belong 

to this trio of galaxies, as revealed by 
overlaying data from the Very Large 
Array (inset). - Andre Vilhena, Dominic 
Annis, Jens Unger, Justin P., William 
Ostling, Steve Gill, and Ovidiu Dascalu; 
HI data from de Blok et al. 2018 
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3. FROM THE EAGLE 

TO THE LAGOON 

The Milky Way's bustling 
central region unfolds across 
this 12-panel mosaic that 
stretches from the Eagle 
Nebula (M16) at lower left to 
the Trifid (M20) and Lagoon 
(M8) nebulae at upper right. 
The imager took 54 hours of 
data in the Hubble palette 
through a 4.2-inch scope. 

- Alistair Symon 


4. A GEM IN 

THE SCORPION 

The gorgeous reflection 
nebula vdB 102 lies 425 light- 
years away in Scorpius. The 
object's cool tones come from 
the hot young stars within, 
whose light reflects off the 
surrounding dust. This image 
represents 25% hours of 
exposure with a 7-inch scope. 
« Vikas Chander 


SEND YOUR IMAGES TO: 

Astronomy Reader Gallery, 

P.O. Box 1612, Waukesha, WI 53187. 
Please include the date and location of the image 
and complete photo data: telescope, camera, 
filters, and exposures. Submit images by email to 
readergallery@astronomy.com. 
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BREAKTHROUGH 


THE ARCHER'S STORY OF STELLAR BIRTH 


The rich colors in the vicinity of IC 1283 — the round, pinkish-red cloud just left of center — tell a tale nearly as old as 

the universe. Within such nebulae, stars are born when pockets of gas grow so dense and hot that nuclear fusion ignites 

in their cores. The most massive of these newborn suns radiate enough ultraviolet light to energize nearby hydrogen atoms, 
causing them to glow with a distinctive reddish hue. Meanwhile, dust particles reflect the massive stars’ blue light and 
produce reflection nebulae. Two prime examples stand to IC 1283's lower right: NGC 6589 (top) and NGC 6590 (bottom). 
Thicker clouds of dust create the dark threads woven throughout this region, which lies less than 2° south of the galactic 
equator in Sagittarius the Archer. canapa-FraNce-HAWAIl TELESCOPE/COELUM-J-C. CUILLANDRE & G. ANSELMI 
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SPECIAL 30 DAY MONEY ROSE GOLD & CHRONOGRAPH 
> OFFER BACK GUARANTEE —= BLUE FINISH MOVEMENT 
DANIEL STEIGER 


DRESSED TO KILL & FULLY LOADED! 
THE WATCH THAT DEFIES CONVENTION 


The quest to find the ultimate men’s watch has always been a 
difficult one in the world of fashion. A timepiece with the perfect 
look and functionality has long been the goal of both watch 
designers and enthusiasts alike. 


After many years, mastering and honing the construc- 
tion, design, and look. We bring you a durable rubber = puree 
strap that will withstand everything the elements Pan tetelatetatatety 
throw at it. Three precision sub-dials featuring a split PEO” ae 
second, minute, and second, as well as being wa- SY 
ter-resistant to 3ATM’s. This watch is the epitome of 
style and sporty design. 


Your journey is at an end you can rest in the 
knowledge that this superb-looking timepiece 
will stand out on the wrist. High-quality materials 
and design will endure the ravages of time both 
in terms of remaining fashionable and 
stylish yet durable enough to be worn every day : aENiNiEiocr & 
whether at work, rest, or play. = ; 


When we first introduced this outstanding look- =U @® » 
ing timepiece we sold out within days » J 
especially considering the very special low-cost 
offer of only $99 plus S&H. To avoid 
disappointment hurry and order today using the 
toll-free number below and quoting the promo code 
blow or by visiting our online store and entering the 
code before checkout. \ 


RENEGADE BLUE 


NON OFFER PRICE $599 
83% OFF WITH CODE 


MOVEMENT, 
WARRANTY, 


PAY 
ONLY 


PLUS S&H 


INEY BACK 
al IRANTEE 


ORDER NOW TOLL FREE 24/7 ON ° High Precision Quartz Movement 


¢ Split-Second Chronograph 
¢ Rose Gold & Navy Blue Finish 
¢ Screw Detail Bezel 


USE PROMO CODE: 


Comfortable Silicone Sports Band 


ORDER ONLINE WWW.TIMEPIECESUSA.COM/AS2TRN ENTER CODE 


PAY BY CHECK: Timepieces Int Inc, 10701 NW 140th Street, Suite 1, Hialeah Gardens, Fl. 33018 


GO FOR LAUNGH4 


| Ey StarSense 


Explorer ™ 
p : 
Harnessing the power of your smartphone and patented sky 


recognition technology, the StarSense Explorer app guides you 
to celestial objects in real-time as you move the telescope. 


The StarSense Explorer family now includes a wide array of 
telescopes and mounts—refractors, reflectors, and two. massive 
Dobsonians. Simply choose the one that best fits your observing 
goals and budget, and you're ready for liftoff. 


3 


StarSense Explorer LT StarSense Explorer LT 
80AZ Refractor 114AZ Newtonian 


o— 
StarSense Explorer DX StarSense Explorer 
130AZ Newtonian 8” Dobsonian 
CELESTRON PREMIER SELECT DEALERS 
B&H Photo - 800.947.9970 - bhphotovideo.com Astronomics - 800.422.7876 - astronomics.com 
High Point Scientific - 800.266.9590 - highpointscientific.com OPT Telescopes - 800.483.6287 - optcorp.com 


Optics Planet - 800.504.5897 - opticsplanet.com Woodland Hills - 888.427.8766 - telescopes.net 


(@ CELESTRON 


7] Dock 


YOUR.SMARTPHONE 


2 LAUNCH 


THE STARSENSE 
EXPLORER APP 


83 OBSERVE 


STARS, PLANETS 
AND MORE 


StarSense Explorer DX 
102AZ Refractor 


Pris - 


StarSense Explorer 
10” Dobsonian 


Learn more at celestron.com/sse 


Adorama - 800.223.2500 - adorama.com 
Focus Camera - 800.221.0828 - focuscamera.com 
Agena AstroProducts - 562.215.4473 - agenaastro.com 
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yy If you look low in the 
west on any February 


evening, it’s nearly impossible 
to miss Venus embedded in 
the twilight. The dazzling plan- 
et shines at magnitude -3.9 and 
stands out well despite being 
low in the sky. Its position 
improves as it gradually draws 
away from the Sun during 
February. Venus’ appearance 
this month suffers in part from 
the shallow angle between the 
ecliptic — the apparent path of 
the Sun across the sky that the 
planets follow closely — and 
the western horizon at nightfall 
this time of year. 

Venus doesn’t look like 
much through a telescope. The 
inner world lies on the far side 
of the Sun from Earth and 
shows a nearly full disk only 
12" in diameter. 

The inner planet moves 
quickly relative to the back- 
ground stars, setting up a 
pleasing spectacle with slower- 
moving Jupiter in late 
February. Both worlds travel 
from Pisces the Fish, clip a cor- 
ner of Cetus the Whale, and 
then return to Pisces by 
month’s end. On the 28th, the 
two lie 2° apart with Venus 
some five times brighter than 
magnitude —2.1 Jupiter. Also 
watch on the evening of the 
22nd when the waxing crescent 
Moon joins the duo. 

Jupiter’s low altitude makes 
it less attractive through a tele- 
scope than it has been recently. 
Still, the giant planet spans 35" 
in mid-February and should 
reveal some atmospheric bands 


February 2023 — 
Planets meet in Pisces 


during moments of good see- 
ing. Also keep an eye out for 
Jupiter’s four bright moons. 

Mars continues its nice 
apparition, though it has faded 
significantly since its early 
December peak. The Red 
Planet shines at magnitude 0.1 
in mid-February from its perch 
in northern Taurus the Bull. 
Mars moves steadily east 
against the starry backdrop this 
month, crossing the imaginary 
line marking the Bull’s north- 
ern horn. (The magnitude 1.7 
star Elnath [Beta (8) Tauri] 
defines the horn’s tip.) 

The best time to view Mars 
with your telescope comes soon 
after darkness falls when it 
stands farthest above the 
northern horizon. Early 
February finds the planet 
sporting an 11"-diameter disk 
that should show some surface 
detail. Only Jupiter presents a 
better evening target. 

As February begins, 
Mercury remains prominent 
before dawn. The innermost 
planet lies 14° high in the east- 
southeast 45 minutes before 
sunrise. Shining at magnitude 
—0.1, it stands out against the 
background stars of Sagittarius 
the Archer. A telescope reveals 
Mercury’s disk, which appears 
7" across and two-thirds lit. 
The planet becomes lost in 
morning twilight as February 
draws to a close. 

Saturn reaches solar con- 
junction February 16 and lies 
too close to the Sun to observe 
all month. The ringed planet 
will return to view in March. 


The starry sky 


If you look at any detailed star 
atlas, you can’t help but notice 
the well-defined boundaries of 
the constellations. These bor- 
ders — officially delineated by 
the International Astronomical 
Union some 90 years ago — 
closely follow the lines of right 
ascension and declination. But 
the correspondence isn’t exact 
because precession has changed 
the right ascensions and decli- 
nations of the points along 

the borders. 

Precession arises from the 
gravitational influence of the 
Moon and the Sun acting on 
Earth’s equatorial bulge. It 
causes our planet’s axis to trace 
out a 47°-diameter circle on the 
celestial sphere every 25,800 
years and results in a change in 
the stars’ apparent positions. 

Look again at your star atlas 
and you'll see precession’s effect 
— the constellation borders lie 
at slight angles to the lines of 
right ascension and declination 
in the equatorial grid used to 
map the sky. The reason: When 
Belgian astronomer Eugene 
Delporte drew up the boundar- 
ies nearly 100 years ago, he used 
the grid for the epoch of 1875. 

Because precession affects 
the borders and the stars in the 
same way, you might think the 
stars would remain within the 
defined constellations. That 
would be true if not for another 
motion, proper motion, which 
describes the actual physical 
movement of a star through 
space. This means that stars can 
cross the agreed boundaries. 


In fact, this happens quite 
often. Just think about the mil- 
lions of stars too faint to see 
with the naked eye that popu- 
late any given constellation. 

I’ve taken an interest in 
some of the more prominent 
stars that have moved across 
constellation borders. Two in 
particular have done so in the 
past few centuries. 

One is the abovementioned 
Elnath, the second-brightest 
star in Taurus. It crossed 
Delporte’s border-to-be from 
Auriga into Taurus around the 
middle of the 19th century. 
The other is even more con- 
spicuous: the celebrated Alpha 
(a) Centauri, the night sky’s 
third-brightest star. It crossed 
from Circinus into Centaurus. 
The exact years when these 
crossings took place are hard to 
pin down because they depend 
on the exact models used for 
precession and accurate values 
for the proper motions. One 
published time for the cross- 
over of Alpha Cen is actually a 
pair of years — 1763 and 1771 
— representing the dates for 
the two main stars that form 
the nearby system. 

Of course, these crossings 
took place well before Delporte 
defined the currently accepted 
boundaries. Crossings in the 
next millennium will include 
5th-magnitude Epsilon (€) Indi, 
which will move into Tucana 
in the 27th century, and 5th- 
magnitude Epsilon Sculptoris, 
which will become part of 
Fornax about three centuries 
later. 


Ps 


HOW TO USE THIS MAP 
This map portrays the sky as seen 
near 30° south latitude. Located 
inside the border are the cardinal 
directions and their intermediate 
points. To find stars, hold the map 
overhead and orient it so one of 
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stile” 
The all-sky map shows 
how the sky looks at: 


10 p.m. February 1 
9 p.m. February 15 
8 p.m. February 28 


Planets are shown 
at midmonth 
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STAR COLORS 


A star's color depends 
on its surface temperature. 


The hottest stars shine blue 
Slightly cooler stars appear white 
Intermediate stars (like the Sun) glow yellow 
Lower-temperature stars appear orange 

The coolest stars glow red 


Fainter stars can’t excite our eyes’ color 
receptors, so they appear white unless you 
use optical aid to gather more light 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT 
www.Astronomy.com/starchart. 


ILLUSTRATIONS BY ASTRONOMY: ROEN KELLY 


: . S Note: Moon phases in the calendar vary in size due to the distance 
° . / ° % from Earth and are shown at Oh Universal Time. 
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= ma 
wild j | ° CALENDAR OF EVENTS 

a ye < he a 4 The Moon is at apogee (406,476 kilometers from Earth), 8h55m UT 
} 4 i) 
s # - 2 } & 5 Mars passes 8° north of Aldebaran, 7h UT 
be 0 ee Oe 
* é bef & Full Moon occurs at 18h29m UT 
ses as 


8 Dwarf planet Ceres is stationary, 20h UT 

12 Asteroid Pallas is stationary, 20h UT 

13 4 _ Last Quarter Moon occurs at 16h01m UT 

15 ~~ Venus passes 0.01° south of Neptune, 12h UT 

16 = Saturnis in conjunction with the Sun, 17h UT 

18 The Moon passes 4° south of Mercury, 21h UT 

19 = The Moon is at perigee (358,267 kilometers from Earth), 9hO6m UT 


_ New Moon occurs at 7h06m UT 


The Moon passes 2° south of Neptune, 18h UT 
22 ‘The Moon passes 2° south of Venus, 8h UT 
The Moon passes 1.2° south of Jupiter, 22h UT 
25 ‘The Moon passes 1.3° north of Uranus, 13h UT 
First Quarter Moon occurs at 8h06m UT 
The Moon passes 1.1° north of Mars, 5h UT 
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The Carina Nebula’s Mystic Mountain 


Visit MyScienceShop.com today for high-quality 
products curated by the Astronomy magazine 
team, including: 


¢ Custom-produced globes, as well as others 


Constellation Slee} from top manufacturers. 
: Flashcards 


¢ Books and DVDs covering solar eclipses, observing 
guides, the cosmos and more. 


¢ Magazines bringing you the latest astronomical 
discoveries and events. 
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¢ Astronomy posters including many 2 GAL IL EOSCOPE @ 
sold exclusively on MyScienceShop.com. ~ comm | & 


¢ Toys and games-have fun learning 
about astronomy! 


¢ And much more! 


ORIGIN AND FATE OF 
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500+ 


MY SCIENCE SHOP f25Sci2 


Sales tax where applicable. 
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LUNAR PHASES 


» @ § 


First Quarter Full 


Last Quarter 
Jan. 6 Jan. 14 


Jan. 21 Jan. 28 Feb. 5 Feb. 13 


Feb. 20 Feb. 27 March 7 March 14 


March 21 March 28 April 6 April 13 


April 20 April 27 May 5 May 12 


May 19 May 27 June 3 June 10 


June 18 June 26 July 3 July 9 


July 17 


July 25 Aug. 1 Aug. 8 
Aug. 30 

Sept. 22 Sept. 29 

Oct. 21 Oct. 28 

Nov. 20 Nov. 27 


Dec. 19 Dec. 26 


All dates are for the Eastern time zone. A Full Moon rises at sunset 
and remains visible all night; a New Moon crosses the sky with the 
Sun and can't be seen. 


. THE MOON is Earth’s nearest 
hy neighbor and the only celestial 
object humans have visited. 
Because of its changing position 
relative to the Sun and Earth, the Moon 
appears to go through phases, from a 
slender crescent to Full Moon and back. The 
best times to observe our satellite through a 
telescope come a few days on either side of its 
two Quarter phases. For the best detail, look 
along the terminator — the line separating the 
sunlit and dark Parts. NASA/GSFC/ARIZONA STATE UNIVERSITY 


A supplement to Astronomy magazine 


VENUS dazzles in the evening sky from early January 
until late July. It then vanishes in the Sun’s glare for 


a few weeks, returning to view before sunrise 

in late August. The inner planet remains a 
morning object through the end of the year. 
Venus appears highest in the sky near greatest 
eastern elongation in early June and greatest 
western elongation in late October. nasaet-cattech 


MARS starts the year as a beacon against 
the backdrop of Taurus, shining at 
magnitude -1.2 and showing a 
15"-diameter disk when viewed 
. through a telescope. The Red Planet 
becomes fainter and smaller as the 
year progresses, disappearing from 
view during September. steve Lee (university 
OF COLORADO)/JIM BELL (CORNELL UNIVERSITY)/MIKE WOLFF 


(SPACE SCIENCE INSTITUTE)/NASA/ESA 


JUPITER always looks dramatic through a telescope. 
Even small instruments show the planet's four big 
moons and resolve its dynamic atmosphere 
into an alternating series of bright zones and 
darker belts. Jupiter appears best around 
opposition in early November, when it 

shines brightest (magnitude —2.9) and 

looms largest (50" across), though it’s a fine 
sight all year except in the weeks around solar 
conjunction in April. nasavesa/a. simon (GSFC) 


SATURN provides a spectacular attraction 
for telescope owners from March through 
_ December. The ringed planet reaches its 


peak in late August. It then shines 

at magnitude 0.4 and its disk 
measures 19" across, while 
the rings span 43" and tilt 9° 
to our line of sight. nasavesay 
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WINTER 
The sky 


Winter boasts the brightest stars of any Jan. 3 
season. Orion the Hunter dominates the Quadrantid 
evening sky this time of year. Its seven most meteor 


prominent stars form a distinctive hourglass shower peaks 


pattern. The blue star marking Orion’s left 


foot is Rigel, and the ruddy gem at his right Jan. 8 
shoulder is Betelgeuse. The three stars of Asteroid 
the Hunter’s Belt point down to Sirius, the Pallas is at 
brightest star in the night sky, and up to opposition 
Aldebaran, the eye of Taurus the Bull. To 
Orion's upper left lies the constellation Gemini. o Jan. 30 

Se Mercury is 
Deep-sky highlights Hi at greatest 
The Pleiades (M45) is the brightest star ; western 
cluster in the sky. It looks like a small Se elongation 
dipper, but it is not the Little Dipper. pi Bare 
The Orion Nebula (M42), a region of active Ge" petolgeuse «7. 2 Re /~ March 2 
star formation, is a showpiece through "Nees _ ore =i ‘ : Venus passes 
telescopes of all sizes. ; ie 2Ma2® oi ee e . 0.5° north of 
The Rosette Nebula (NGC 2237-9/46), ; Jupiter 
located 10° east of Betelgeuse, presents an 
impressive cluster of stars and a nebula. March 21 
M35 in Gemini the Twins is a beautiful open Dwarf planet 
cluster best viewed with a telescope. Ceres ol 
Castor (Alpha [c] Geminorum) is easy to split opposition 
into two components with a small telescope, 
but the system actually consists of six stars. April 11 

Mercury is 


at greatest 


SPRI NG eastern 


elongation 
The sky 
The Big Dipper, the most conspicuous part April 19/20 
of the constellation Ursa Major the Great 4 Hybrid solar 
Bear, now rides high in the sky. Poke a hole a. eclipse 
in the bottom of the dipper’s bowl, and the ’ mY . oe 
water would fall on the back of Leo the Lion. ° N “smaHago , April 22 
The two stars at the end of the bowl, called ‘f. oe é ; Lyrid meteor 
the Pointer Stars, lead you directly to Polaris, ‘ : js : shower peaks 
the North Star: From the bowl’s top, simply go . fF} ee 
five times the distance between the Pointers. : June 4 
Spring is the best time of year to observe Venus is at 
a multitude of galaxies. Many of these far- greatest 
flung island universes, containing hundreds eastern 
of billions of stars, congregate in northern elongation 
Virgo and Coma Berenices. 

_ July 21 

Deep-sky highlights Pluto is at 
The Beehive Cluster (M44) was used to opposition 
forecast weather in antiquity. It is a naked- 
eye object under a clear, dark sky, but it Aug. be 
disappears under less optimal conditions. Perseid 

meteor 


M5, a conspicuous globular cluster, lies 
between the figures of Virgo the Maiden 
and Serpens Caput the Serpent's Head. 
The Whirlpool Galaxy (M51) is a vast 
spiral about 30 million light-years away. 
M81 and M82 in Ursa Major form a pair 
of galaxies that you can spot through a 
telescope at low power. 


shower peaks 


STAR MAPS BY ASTRONOMY: ROEN KELLY 


SUMMER 
The sky 


Aug. 27 High in the sky, the three bright stars known 
Saturn is at as the Summer Triangle are easy to spot. 
opposition These luminaries — Vega in Lyra, Deneb in 
Cygnus, and Altair in Aquila — lie near the 

Sept. 19 starry path of the Milky Way. Following the 
Neptune is at Milky Way south from Aquila, you'll find the 
opposition center of our galaxy in the constellation 

cep Sagittarius the Archer. Here lie countless star 
Sept. 22 @ clusters and glowing gas clouds. Just west of 
Mercury is a Sagittarius is Scorpius the Scorpion, which 
at greatest nS. contains the red supergiant star Antares as 
ween | \3, well as M6 and M7, two brilliant clusters that 
Senganion TAQ. look marvelous at low power. 

“On 
Oct. 14 “Js Deep-sky highlights 
Annular solar &- : The Hercules Cluster (M13) contains nearly 
eclipse et a million stars and is the finest globular 
cluster in the northern sky. 

Oct. 21 The Ring Nebula (M57) looks like a puff of 
Orionid smoke through a medium-sized telescope. 
meteor 


shower peaks 


The Omega Nebula (M17) looks like the 
Greek letter of its name (Q) through a 
telescope at low power. This object also is 


Oct. 23 called the Swan Nebula. 
Venus is at The Wild Duck Cluster (M11) is a glorious 
greatest open star cluster. On a moonless night, a 
western small scope will show you some 50 stars. 
elongation 
Nov.3 AUTUMN 
Jupiter is at 
opposition The sky 
The Big Dipper swings low this season, and 
Nov. 13 from parts of the southern U.S., it even sets. 
Uranus is at With the coming of cooler nights, Pegasus 
opposition the Winged Horse rides high in the sky as the 
rich summer Milky Way descends in the west. 
Nov. 17 ; Fomalhaut, a solitary bright star, lies low in 
Leonid suejod*—" ae the south. The magnificent Andromeda Galaxy 
meteor : nes a rae) ¢ k ae 7 reaches its peak nearly overhead on autumn 
shower peaks . er, evenings, as does the famous Double Cluster. 


dit: rr ee Sy" 

ay r _ii “a -\ar ‘ 12, A Both of these objects appear as fuzzy patches 
Genin S NPE, \Y- % NB . to the naked eye under a dark sky. 
meteor a oe q Deep-sky highlights 
shower peaks | pa : ot Xie; oe. he % & é q I The Andromeda Galaxy (M31) is the brightest 

ZS ve aN ‘Dy NiAvecasus or, = : weed Py ae naked-eye object outside our galaxy visible in 
Dec. 21 o° SE PES Wine Ae. g a Sy the northern sky. 
Asteroid 3 Jos, | | Cmts “NE # lg The Double Cluster (NGC 869 and NGC 884) 
Vesta is at c 5 oe "Na * Ys i s =| 7 a * in Perseus consists of twin open star clusters. 
opposition a5 ee ’ It’s a great sight through binoculars. 


M15 in Pegasus is a globular cluster 
containing hundreds of thousands of stars, 
many of which can be glimpsed through a 
medium-sized telescope. 

Albireo (Beta [8] Cygni), the most beautiful 
double star in the sky, is made up of suns 
colored sapphire and gold. 


Fomalhaute” =, s 
Open cluster . © tees 8 
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Md . 
. 


Diffuse nebula 


res pr : | : ) | , , : | Astronom 
Galaxy ® 
magazine 


000D08@& 


5PM 6PM 7PM 8PM 9PM 10PM 1PM. Midnight 1AM 2AM 3AM 4AM. SAM 6AM 7AM. 
: . i” 


¢ 


Sy : a 


Jan. 1 


Jan. 16 
Jan. 31 
Feb. 15 
March 2 


March 17 


RISE & SET 


This illustration presents 
the night sky for 2023, 
showing the best times to 
observe the planets from 
Mercury to Neptune. For each 
planet, the times when it rises 
and sets are shown throughout 
the year. For Mercury and Venus, 
which never stray too far from the 
Sun, these times appear as loops 
coming up from the sunset horizon 
(on the left) or the sunrise horizon (on 
the right). For Mars, Jupiter, Saturn, 
Uranus, and Neptune, the times when 
they transit — appear highest in 
the sky and provide the best view 
through a telescope — also are 
shown. All the planets lie near the 
ecliptic, so you can use this chart in 
conjunction with the maps on the 
previous pages to find a planet’s 
approximate location. The chart 
also includes the transit times of 
four bright seasonal stars: Sirius, 
Spica, Antares, and Deneb. This 
map shows local times for an 
observer at 40° north latitude. 
Although exact times will 
vary depending on your 
longitude and latitude (and 
don't forget to add an hour 
for daylight saving time), 
the relative times and 
approximate positions 
will stay the same. 
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